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Abstract 
Problem statement In Switzerland, Germany and Austria, as in many European countries, the transition of the energy sector towards 
more sustainability is a long-term transition process, unfolding since decades. It however only reached the regime level in recent 
years and the established technologies and governance structures of the energy systems. This fundamental transition process causes 
complex, interrelated and non-linear dynamics and changes on multiple scales – in the technological and social sphere of the energy 
systems. The energy transition, thus, became a mature sustainability transition, which is a new challenge for research and decision-
making in practice.  
Research aim This dissertation contributes to an improved conceptual and empirical understanding of actor- and system-level struc-
tures and dynamics in mature sustainability transitions. 
Methodology To tackle this research aim, the dissertation employed an iterative theory building process, which develops theoretical 
considerations based on pre-existing theories and frameworks as well as empirical evidence. The empirical analyses were conducted 
using a mixed methods approach, which allowed for rich empirical evidence and triangulation. The research was implemented in four 
modules, whereby each module tackled one research question. Main data sources were scholarly literature, regional structural data 
and documents as well as transcripts from several rounds of semi-structured expert interviews and expert workshops. The empirical 
data stemmed from three cases: energy regions in Austria and Germany, a network of change agents in Germany and urban utility 
companies in Germany and Switzerland. The main analytical methods, employed in this dissertation were qualitative literature anal-
ysis, document analysis and structuring qualitative content analysis. 
Results For the analysis of system structure for functionality and transition dynamics, this dissertation presents an indicator set to 
analyse and measure resilience of socio-technical energy systems in transition, based on the key system characteristics of diversity 
and connectivity. The empirical application provided rich insights on the socio-technical system structure and its changes over time 
and discusses appropriate methods for the empirical analysis. For the analysis of transition dynamics, this dissertation provides a re-
conceptualised framework for the systematic analysis of actor- and system-level determinants of agency as well as the feedback of 
agency on the system. Especially focussing on the role of incumbents in mature sustainability transitions, the dissertation moreover 
provides findings from the empirical exploration of urban utility companies and derived analytical categories for public incumbent 
actors in network industries in transition. The dissertation finally discusses the integrability of conceptual findings to transition studies 
and presents an integrated framework to analyse structures and dynamics in mature sustainability transitions. 
Conclusion The thesis provided key theoretical and empirical insights on actor- and system-level aspects of mature sustainability 
transitions in socio-technical energy systems. It contributed to a discussion on dynamic resilience concepts for socio-technical energy 
systems, a more systematic analysis of agency in sustainability transitions and a more nuanced picture of incumbents’ agency in 
socio-technical energy systems in mature sustainability transition. 
Keywords 
Resilience, mature sustainability transition, agency, socio-technical energy systems, iterative theory building, mixed methods, indi-
cator set, framework development, energy regions, change agents, urban utility companies, incumbents, Austria, Germany, Switzer-
land. 
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Résumé  
Motivation En Suisse, en Allemagne et en Autriche, comme dans de nombreux pays européens, la transition énergétique vers la 
durabilité est un processus à long-terme qui se déroule depuis plusieurs décennies. Par contre, elle n’a atteint que dans les dernières 
années le niveau du “ régime ” et, partant, les technologies et structures de gouvernance établies. Ce processus de transition fonda-
mentale entraine des dynamiques et des changements complexes, interconnectés et non-linéaires, à de multiples échelles dans la 
sphère technique et sociale du système énergétique.  
Objectifs de la recherche Cette thèse contribue à une meilleure compréhension conceptuelle et empirique des structures et des 
dynamiques dans le cadre des transitions avancées vers la durabilité, au niveau des acteurs et du système.  
Méthodologie Cet objectif de recherche est abordé en utilisant une approche itérative de construction théorétique des théories. 
Celle-ci est basée tant sur des théories préexistantes que sur des résultats empiriques afin de développer des nouvelles considéra-
tions théoriques. Les analyses empiriques ont été réalisées selon une approche par méthodes mixtes, ce qui a permis d’obtenir de 
riches preuves empiriques ainsi que la triangulation des résultats. La recherche a été structurée en quatre modules, chaque module 
abordant une question de recherche. Les principales sources des données ont été la littérature scientifique, des données structurelles 
et les documents régionaux ainsi que les transcriptions des workshops d’expertise et de plusieurs séries d’entretiens semi-structurés 
avec des experts. Les données empiriques provenaient de trois cas : des régions énergétiques en Autriche et en Allemagne, du réseau 
d’agents de changement en Allemagne, et des entreprises de services publics urbains en Suisse et en Allemagne. Les principales 
méthodes d’analyse utilisées dans cette thèse ont été : l’analyse qualitative de la littérature scientifique, l’analyse des documents et 
l’analyse qualitative du contenu. 
Résultats Au niveau de l’analyse de la structure systémique pour la fonctionnalité et les dynamiques de transition, cette thèse pré-
sente un ensemble d’indicateurs qui permet d’analyser et de mesurer la résilience d´un système énergétique – dans ses sphères 
technique et sociale. Ce set d’indicateurs est basé sur les caractéristiques clés du système : sa diversité et sa connectivité. L’applica-
tion empirique de ces indicateurs a fourni des aperçus riches sur la structure sociotechnique du système et ses changements au fil 
du temps ; elle a permis de remettre en discussion les méthodes appropriés pour l’analyse empirique. Au niveau de l’analyse des 
dynamiques pour la transition, cette thèse fournit d´un côté un cadre analytique re-conceptualisé qui facilite l’analyse systématique 
des déterminants au niveau des acteurs et du système, ainsi que sur la réaction associée du système. En mettant l’accent sur l’action 
et le rôle des “ incumbents ” dans les transitions avancées vers la durabilité, cette thèse a fourni entre outre des conclusions tirées 
de l’exploration empirique des entreprises des services publics urbains et a dégagé des categories analytiques pour les acteurs publics 
dans les industries de réseaux (en transition). La thèse discute enfin de l’intégrabilité de ce cadre analytique re-conceptualisé et les 
categories analytiques au sein des études de transition vers la durabilité. Elle présente un propre cadre analytique intégré pour 
l’analyse des structures et dynamiques des transitions avancées vers la durabilité. 
Conclusion Cette thèse a fourni des aperçus empiriques et théoriques clés sur les aspects des transitions avancées vers la durabilité 
dans les systèmes énergétiques sociotechniques – au niveau des individus et du système. Elle contribue à une discussion plus appro-
fondie sur les dynamiques de la résilience dans le cadre des systèmes sociotechniques énergétiques, une analyse plus systématique 
du rôle de l’action dans la transition de durabilité et à donner une image plus nuancée sur les “ incumbents ” et leurs actions dans 
les systèmes énergétiques en transition vers la durabilité. 
Mots-clés 
Résilience, transitions avancées vers la durabilité, action, systèmes énergétiques sociotechniques, développement itératif des théo-
ries, méthodes mixtes, ensemble des indicateurs, développement des cadres analytiques, régions énergétiques, agents de change-
ment, entreprises des services publics urbains, incumbents, Autriche, Allemagne, Suisse.  
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Zusammenfassung  
Problemstellung In Deutschland, der Schweiz und Österreich, wie in vielen anderen europäischen Ländern, findet seit Jahrzehnten 
ein Prozess der Transition des Energiesektors statt, hin zu mehr Nachhaltigkeit. Dieser Transitionsprozess erreichte jedoch erst in 
jüngster Zeit die Ebene des „regimes“ - der etablierten Technologien und Governanzstruktur - des Energiesektors dieser Länder. 
Dieser fundamentale Wandlungsprozess verursacht komplexe, interdependente und nicht-lineare Dynamiken auf verschiedenen 
Ebenen des Energiesystems und hat dabei sowohl gesellschaftliche als auch technische Aspekte. Die Energietransition ist damit zu 
einer „fortgeschrittenen Nachhaltigkeitstransition“ geworden und stellt neue Herausforderungen an Forschung und Entscheidungs-
träger in der Praxis.  
Forschungsziel Diese Dissertationsarbeit hat zum Ziel, zu einem verbesserten konzeptuellen und empirischen Verständnis der Struk-
turen und Dynamiken in fortgeschrittenen Nachhaltigkeitstransitionen beizutragen – auf Akteurs- und Systemebene. 
Methodologie Um dieses Forschungsziel zu bearbeiten, wendet diese Dissertationsarbeit einen iterativen Theoriebildungsansatz an, 
der sowohl auf Basis bestehender Theorien und Frameworks als auch empirischer Evidenz, neue theoretische Konzepte entwickelt. 
Die empirischen Analysen wurden dabei mit einem „mixed-methods“ Ansatz durchgeführt, der eine vielfältigere empirische Grund-
lage ermöglicht und Triangulationen erlaubt. Hauptdatenquellen dieser Dissertationsarbeit waren Forschungsliteratur, regionale 
Strukturdaten und Dokumente sowie Transkripte von Expertenworkshops und mehrerer Runden semi-strukturierter Experteninter-
views. Die empirische Evidenz stammte dabei von drei Fällen: Energieregionen in Deutschland und Österreich, einem Netzwerk von 
„Change Agents“ in Deutschland sowie grossen Stadtwerken in Deutschland und der Schweiz. Hauptanalysemethoden, die in dieser 
Dissertationsarbeit verwendet wurden, sind qualitative Literaturanalyse, Dokumentenanalyse und strukturierende qualitative In-
haltsanalyse. 
Resultate Für die Analyse der Systemstruktur, die sowohl Funktionalität als auch Transitionsdynamiken unterstützt, präsentiert diese 
Dissertationsarbeit ein Indikatorenset, welches die Analyse und Messung der Resilienz soziotechnischer System in Transition erlaubt 
– basierend auf den Systemcharakteristika Diversität und Konnektivität. Die empirischen Analysen lieferten vielfältige und ertragrei-
che Erkenntnisse zur soziotechnischen Systemstruktur und ihrer Veränderung und diskutiert darüber hinaus geeignete qualitative 
und quantitative Methoden für die empirische Analyse. Für die Analyse der Transitionsdynamiken im Spezifischen entwickelt diese 
Dissertationsarbeit einerseits ein re-konzeptualisiertes Framework zur systematischen Analyse der Determinanten von Akteurshan-
deln sowie seiner Auswirkungen - auf individueller und systemischer Ebene. Mit dem besonderen Fokus auf die Rolle von incumbents 
in fortgeschrittenen Nachhaltigkeitstransitionen, wurden andererseits vielschichtige Ergebnisse der empirischen Exploration grosser 
Stadtwerke erarbeitet und daraus analytische Perspektiven für öffentliche Incumbents in Netzwerkindustrien, die sich in Nachhaltig-
keitstransitionen befinden, entwickelt. Schliesslich diskutiert diese Dissertationsarbeit die Integrierbarkeit des Frameworks sowie der 
analytischen Perspektiven in Konzepte der Transitionsliteratur und präsentiert ein eigenes, integriertes Framework zur Analyse von 
Struktur und Dynamiken in fortgeschrittenen Nachhaltigkeitstransitionen.  
Fazit Diese Dissertationsarbeit präsentiert zentrale theoretische und empirische Erkenntnisse zu Kernaspekten von fortgeschrittenen 
Nachhaltigkeitstransitionen auf Akteurs- und Systemebene von soziotechnischen Energiesystemen. Diese tragen zu einer weiteren 
Debatte über dynamisierte Resilienzkonzepte für soziotechnische Energiesysteme bei sowie einer systematischeren Analyse von Ak-
teurshandeln in Nachhaltigkeitstransitionen bei und fördern ein nuancierteres Bild des Handelns und der Vielfalt von Incumbents in 
soziotechnischen Energiesystemen in fortgeschrittenen Nachhaltigkeitstransitionen.  
Schlagworte 
Resilienz, fortgeschrittene Nachhaltigkeitstransition, agency, soziotechnische Energiesysteme, interative Theoriebildung, mixed me-
thods, Indikatorenset, Framework-Entwicklung, Energieregionen, Change agents, grosse Stadtwerke, Incumbents, Österreich, 
Deutschland, Schweiz.  
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 Introduction 
1.1 Problem statement and research aim  
On the entire globe, energy systems undergo fundamental social and technological changes. The international community agreed on 
the fact that in order to mitigate climate change, its energy supply basis needs to become less environmentally harmful and more 
sustainable (United Nations Sustainable Development, 2016). In many countries, the share of renewable energies and energy effi-
ciency efforts have increased over the last years, accompanied by approaches to phase out fossil fuels for electricity production, heat 
and mobility. In addition, some European countries, as e.g. Germany, and Switzerland, have decided to phase-out their nuclear power 
plants. In this context, the energy transition towards more sustainability is not a niche phenomenon any more, but it has entered the 
socio-political, economic and technological mainstream. However, despite the clear political goals and the available technological 
solutions for more sustainability, the energy transition stagnates in many European countries at exactly this point of entering the 
mainstream: political subsidy schemes are scaled back, incumbent firms and political parties try to control the speed and scope as 
well as the effects of the energy transition, people are hesitant to invest in new technologies, utility companies have high debts due 
to the transition dynamics and renewable production needs to be throttled down to maintain grid stability (dpa, 2018a, 2018b; 
Stalder, 2018b, 2018a).  
Markard (2018) describes this situation of a mature transition as “the second phase” of a sustainability transition and emphasises 
that it offers “qualitatively different challenges” then the first, earlier phase of the energy transition: “scope and speed of change 
increase, … changes are more widespread and profound, … technologies in different stages [interact], established technologies de-
cline as well as traditional business models and institutions (e.g. centralisation), … incumbents could afford to ignore the first phase 
but are profoundly affected by the second, … struggles among key players of the sector increase … and even though elementary 
structures change, consumers still expect ‘full functionality’ (for example, uninterrupted service, affordable prices)” (Markard, 2018, 
p. 631). In the context of this mature sustainability transition situation, “system integration” of the new technologies and institutions 
as well as the “functioning and re-configuration of the entire sector” are of key relevance for the long-term and large-scale success 
of the energy transition (Markard, 2018, p. 631). While undergoing fundamental changes, the energy system needs to remain tech-
nological functional and reliable. A mature sustainability transition - more than any early phase transition – is also a societal challenge 
and key questions arise of how to organise a democratic, evolutionary and peaceful, planned and affordable energy transition, which 
does not compromise on the technological and social functionality of the energy sector. This is critical for the economic situation and 
welfare of any society. Germany, Switzerland and Austria, as many other countries, therefore adapted their laws on technological 
and social functionality of the energy sector from “supply security and economic efficiency” into a triangle of “supply security, eco-
nomic efficiency and sustainability” - which includes the sustainability transition goal (§1 Energiewirtschaftsgesetz EnWG Germany 
(2018), Article 1 Energiegesetz EnG Switzerland (2018), §4 and §5 Elektrizitätswirtschafts- und –organisationsgesetz ElWOG Austria 
(2018)).  
The mature sustainability transition of the energy sector poses systemic problems, for which there are no simple solutions. It aims 
for the maintenance of the social and technological functionality while continuing the transition towards sustainability on a large-
scale. An energy system in a mature sustainability transition creates feedbacks and trade-offs (e.g. hydropower production compro-
mises biodiversity or e-mobility creates new resource dependencies) (Markard, 2011, 2018). If the energy transition should be suc-
cessful on a large scale, it is thus inevitable to employ a systemic and holistic understanding of the system structure, which supports 
functionality as well as the dynamics for transition – considering both its technological and social spheres and their co-evolution. 
Transition studies are working on socio-technical transition towards more sustainability and base themselves on complex system 
science (Markard et al., 2012; Rotmans et al., 2001; Rotmans and Loorbach, 2009). To investigate socio-technical systems such as the 
energy system, they employ a complex system understanding, considering both system structure (or configuration) and system pro-
cesses (or dynamics). Transition studies conceptualise socio-technical systems as consisting of i) the (real-world) social and techno-
logical system structure, ii) the concerned actors and iii) the related rules as well as the interactions among these three system 
elements, which cause the dynamics in a socio-technical system (Geels, 2004; Markard, 2011). The interactions among the three 
system elements explain that the system structure is made through the actors’ agency, which again is guided by rules and the rules 
and the system structure again define the scope of action for the actors (Geels, 2004). The system structure and the transition dy-
namics are therefore closely interlinked. Transition studies’ system understanding considers both structures and dynamics on the 
actor-level (e.g. motivation, narratives, resources etc.) in the social and technological sphere of a system. It provides a valuable, 
holistic conceptual basis to investigate key aspects of energy systems in mature sustainability transitions and facilitates the analysis 
of this contemporary socio-technical systemic phenomenon. This builds the overall research aim of this dissertation:  
Research aim of this dissertation is to understand key aspects (structures and processes) of mature sustainability transitions in the 
energy sector from both the system and the actor perspective. 
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1.2 Conceptual fundamentals 
To tackle this research aim, the dissertation employs a conceptual framework, which is based on transition studies. Transition studies 
consider sustainability transitions as a co-evolution of the social and technological spheres of a complex system aiming for a system 
development towards more sustainability (red and blue lines in figure 1-1) (Markard et al., 2012). The socio-technical system is con-
ceptualised as the interaction of structures (technical system, the socio-technical regime and actors) and processes (interrelations) 
on the actor and system-level (compare the rhombus in Figure 1-1) (Geels, 2004). The transition path, on which the socio-technical 
system transitions towards more sustainability, is generally thought of as an ideal typical ”s-curve” with different phases (Rotmans 
et al., 2001). For a more detailed overview on the main strands and conceptual frameworks in transition studies see section 2.1.2.). 
This dissertation conceptualises energy systems as complex socio-technical systems transitioning towards more sustainability.  
As mentioned in in section 1.1, for an energy system in a mature sustainability transition, socio-technical functionality is critical and 
needs to be maintained throughout the entire transition process. This is especially the case in the later phase of the transition, when 
transition dynamics reach a large(r)-scale. An energy system in a mature sustainability transition does not only need to keep up 
transition dynamics but must also ensure system functionality (Markard, 2018). Functionality is therefore added to the “traditional” 
transition concepts in the conceptual framework of this dissertation (compare third axis in Figure 1-1). 
 
Figure 1-1: Conceptual framework of the dissertation, based on transition studies (author’s own elaboration) 
Mature sustainability transitions of energy systems are a contemporary phenomenon – the transition of the energy system is already 
advanced, it is however not yet completed – and there are no frameworks or theories focussing on the particularities of the maturing 
transition up to now (Markard, 2018). This dissertation approaches the research object of mature sustainability transitions in energy 
systems through an explorative approach, by conceptualising “system functionality” for socio-technical systems in transitions and 
analysing key influence factors on transition dynamics in the phase of a mature sustainability transition.  
For doing so, my thesis is embedded in two strands of literature. First, in resilience literature, which comprises a wide range of system 
functionality concepts, supporting the conceptualisation and operationalisation of system functionality in mature sustainability tran-
sitions. Second, transitions literature especially focuses on the role of agency in transitions and provides an understanding of agency 
embedded in the systemic context (considering systemic aspects, too), which facilitates the analysis and better understanding of 
transition dynamics in mature sustainability transitions (see Figure 1-2). 
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Figure 1-2: Contextualisation of dissertation in scientific literature strands (author’s own elaboration) 
1.3 Reflexion 
1.3.1 Research object and epistemological background 
The current socio-technical transition of the energy sector is a highly complex and intertwined phenomenon. Societal norms influence 
technology development as well as related regulation and vice versa. Moreover, the ongoing energy transition is a contemporary 
phenomenon, which is constantly changing and has a lot of regulatory and technological uncertainty. Doing research on such a phe-
nomenon is almost like an “open-heart surgery” or like “designing the plane while flying it” (Herr and Anderson, 2005, p. 65, cited by 
Wittmayer, 2016, p. 57). While research is done, the research object is changing and the researcher is inherently part of the research 
object, too. Research results can even decisively influence the evolution of the research object. Policymakers and actors in industry 
are not sure “where the plane will fly to” and how it will look like. They might even actively look for support from research. Research-
ing the contemporary energy transition dynamics can therefore not be done with “classical” disciplinary approaches, where the re-
searcher is distant and can objectively analyse his research object. Research on such complex contemporary societal phenomena 
instead has a political component and responsibility. Research therefore needs to be transparent about the fact, that it is deeply 
intertwined with its research object.  
Transition studies focus on such complex socio-technical transitions and many scholars explicitly work on contemporary transition 
processes. In transition studies, as in many other younger research domains who are working on complex societal phenomena, new 
inter- and transdisciplinary research approaches are proposed, which push the boundaries of classical mono-disciplinary scientific 
knowledge more towards co-production of knowledge among different disciplines and in collaboration with practice partners and 
experts in the field. “Avelino (2011: 22) contends that we ‘cannot afford’ to choose sides between positivist approaches and inter-
pretative approaches to science in the face of questions concerning persistent (complex, normative) problems and transition pro-
cesses. Rather, she argues for ‘combin[ing] different epistemological paradigms and explor[ing] the whole spectrum of what was, 
what is, what seems to be, what people want and what we think that will be or ought to be’ (ibid., cf. Loorbach 2007)” (Wittmayer, 
2016, p. 57). 
The energy transition is a goal oriented, politically driven, normative societal transition. People define political goals for transitioning 
their energy system towards more sustainability. In transition studies, the concept of sustainability is nowadays paramount and so 
normativity plays a key role. There are two large transition studies domains, scholars who are doing research “about” transitions and 
scholars who do research “for” transitions (Wittmayer, 2016, p.58). The former are more engaged in analysis, explanation and theory 
building in a “classical” distant manner, seeing normativity as part of their research object. The latter are also actively engaging in 
practice to support transition endeavours based on their scientific studies and are explicit about their own normativity. Their research 
is based on the tradition of action research, mode 2 research or transformative research (Wittmayer 2016, p. 29).  
Transition studies in general is inter- and transdisciplinary and “interparadigmatic” (Wittmayer, 2016, p. 59), so that it pushes classical 
epistemological boundaries. Many transition scholars’ work can be positioned in the tradition of “critical pragmatism” (Wittmayer, 
2016, p. 59), where the societal concern and respective research interest is at the core and define the research design, not any kind 
of disciplinary or epistemological school.  
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1.3.2 Research approach and role of the empirics 
With my thesis, I aim at understanding, explaining and supporting theory building on contemporary socio-technical transition dynam-
ics in the energy system. I locate myself in the context of transition studies “about” transitions and I follow the “critical pragmatism” 
orientation since the contemporary phenomenon I study goes far beyond disciplinary boundaries and classical scientific knowledge. 
I employ interdisciplinary theories and approaches, ranging from system sciences, network industries, sociology, organisational stud-
ies and environmental psychology. Expert knowledge takes centre stage of my thesis, to investigate the complex interrelations and 
causalities behind the highly political phenomenon of energy transitions.  
My research is inherently interpretative and iterative (see section 3.1.1). I see my work as a constant dialogue with the phenomenon 
I study. “In this puzzling-out process, the researcher tacks continually, constantly, back and forth in an iterative-recursive fashion 
between what is puzzling and possible explanations for it” (Schwartz-Shea and Yanow 2012: 27, cited by Wittmayer, 2016, p. 63). In 
my research, I employed the so called “iterative theory building” approach (see section 3.1.1) which reflects the dialogue of the 
researcher with empirics but also with theoretical backgrounds. 
In the different parts of my thesis, the empirics therefore played different roles.  
The conceptualisation of resilience for energy systems in transitions and the development of the respective indicator set was at the 
beginning driven by theoretical considerations and scholarly discussions in our team. After the development of a common under-
standing of resilience and the proposition of the indicator set, we started to challenge it with empirical evidence from the Austrian 
energy regions. Based on the data we tested and discussed our indicators and developed our operationalisation. In a second step, 
we re-contacted the regional experts for validation of the indicators and their operationalisation as well as for collecting more up-to-
date empirical evidence. The approach we employed here was thus deductive, however, the empirical evidence was more than “just” 
the basis for validation, it was the basis to develop and concretise the concept, to test it and work with the indicators in an explorative 
way.  
For the analysis of the change agents, the empirics had a different role. The interviews were conducted first for an explorative 
understanding of the dynamics and causalities of the regional energy transition process. They were analysed in an inductive manner 
and finally helped to propose the framework for the systematic agency analysis (see section 5.3). Based on this in-depth understand-
ing of the regional energy transition dynamics as well as the individual’s motivations and regional structures, the empirics from the 
Allgäu region then accompanied the entire dissertation project. We for example applied the indicator set for resilience also to the 
data from the Allgäu region nd it served as a basis for comparison (see section 5.2) in a deductive manner. 
Finally, the empirical evidence from the urban utility companies, I analysed with a mixed approach. The expert interviews I con-
ducted, were on the one hand explorative to derive the key characteristics of urban utility companies and I openly asked for their 
role for system resilience and transition dynamics. At the same time, they had a deductive component, since the investigation of 
challenges ad strategic answers was framework-based (see section 5.4). In the data analysis, however, I again employed an inductive 
approach by interpreting the findings on their characteristics as well as their challenges with approaches from public corporate gov-
ernance and network industries literature. The resulting analytical categories, I derived inductively and validated them in scholarly 
discussions. Finally, the expert workshops I conducted, also served for a discussion on the interview findings, mainly on the urban 
utility companies role for resilience. Moreover, the expert workshops also encompassed an explorative component: I asked the par-
ticipants to discuss models on possible future roles of urban utility companies, which I inductively developed, based on my empirical 
findings 
1.3.3 Role of the researcher 
During the expert interviews, I asked experts to share their experience, evaluations and worldviews, so that I could understand the 
complex dynamics and causalities, which lie behind the energy transition. In this context, I kept on listening and openly showed my 
main goal to learn from them to minimise biases (e.g. that I would evaluate their knowledge). In the expert workshops, I shared the 
synthesis of my insights from these interviews. We discussed the implications and potential future avenues of the transition. In this 
context, I very much aimed at the co-production of knowledge and an open discussion, also to avoid a biases (e.g. that my results 
were perceived as correct only because they are considered “scientific”). Moreover, I gained deep insights from participating in a 
“Certificate of Advanced Studies” course “Governing the Energy Transition”, in which I participated in 2017. In this course many 
experts from practice (utility companies, politicians, service provider) took part and together, we listened to other experts, who 
presented the latest dynamics in the sector. Through the respective discussions, I did not only understand the sector’s politics and 
technological background more in detail, but also I got many insights in the local specificities of the Swiss energy system.  
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For the study of the contemporary energy transition, my role as a researcher is necessarily normative. In social science, it is absolutely 
crucial to get close contact to the “research object” to access the in-depth insights on causalities. This “data” is often tacit knowledge 
of experts and so the researcher depends on the expert’s willingness to share “this data”. The researcher needs to create proximity 
to its “research object”. During the interviews, I therefore shared my worldviews and norms to create trust, transparency and an 
equal situation for the interviews. I nonetheless tried as much as possible to keep a neutral stance and create a collegial atmosphere. 
I did not consider my interview partners as “neutral object of research” but as knowledgeable individuals, I encountered with respect 
and willingness to learn.  
I understand my role as a researcher as the one who listens carefully with a doubtful but respectful attitude, who tries to work on an 
overview and sort the complex causalities to get to an intersubjective truth. Very much as a good journalist. The researcher, however, 
differs from a good journalist or a good consultant with his or her ability to link the empirical findings to theory. To me, a good 
researcher (especially in social sciences) links the observed and analysed phenomena (back) to theory, tries to come up with theory-
based explanations and helps to develop the meta-perspective on the research object. This should then again be “translated” to 
practice by explaining how theory can help to see patterns, which might better organise the messy reality. A good researcher, thus, 
engages in translating the findings not only from practice to theory but also from theory to practice and supports reflexivity.  
I see my role as a researcher as broker and translator between theory and practice. This translation work can however not be neutral, 
since it is fundamentally influenced by my own societal and educational background as well as the learnings from my research. I don’t 
see myself as an action researcher, however, by studying the resilience of renewable energy systems, the success of change agents 
and the contribution of local and publicly owned utility companies, my set of norms is already obvious: I want the energy transition 
to remain successful on the large scale while remaining democratic, equitable and locally embedded. These normative fundamentals 
stem from my educational background and the holistic sustainability understanding, which I developed there. For me, sustainable 
development is the ongoing balancing act between different socio-political, economic and ecological interests of actors from different 
regions in the world but also among different generations – to work on the idealistic aim of equity. After having finished my thesis, it 
is still my personal conviction, that bridging actors are key players for successful transitions – those who are able to “translate” the 
old to the new and vice versa, who link innovation to the regime and who are able to embed the large transition dynamics in the local 
context.  
1.3.4 Embeddedness of the thesis 
This thesis is embedded in two different contexts: I began my dissertation at LMU University in Munich, Germany, where it was part 
of a third-party-funded project (Transition processes towards sustainable energy systems / Transformationsprozesse zu einem na-
chhaltigeren Energiesystem TranE). This project aimed at analysing the drivers and barriers for the local energy transition in the Allgäu 
region (Germany), both from a governance perspective and point of view of the individual change agents. At the same time, this 
project was embedded in a research consortium called “For Change”, which comprised 13 interdisciplinary projects. Beside their 
individual project work, they all also worked together to develop an interdisciplinary understanding of resilience 
(http://www.forchange.de/). In the TranE project, we linked the resilience and transitions thinking, which finally resulted in the indi-
cator set, developed in publication 1-3. 
After the first year, a part of our team at LMU moved to EPFL in Switzerland and I continued my dissertation in the newly funded 
HERUS lab at EPFL. Here, the urban focus became very important. While continuing the work on resilience of energy systems in 
transitions, I complemented my study on individual agency from the Allgäu region with the analysis of urban utility companies. At 
the beginning, I was just curious to explore the key actor for urban energy systems – which I already knew from Germany. Over the 
years, I realised that not only in Germany but also in Switzerland, urban utility companies are the key players for both resilience and 
transition of urban energy systems. Although there was a decisive institutional and geographical change in my dissertation, which 
caused some difficulties regarding continuity, I finally could reorient my research in such a way that it became even more complete. 
1.4 Structure of the thesis 
This thesis is structured as follows:  
Part A: Synopsis After having introduced the research motivation, the research aim and the general conceptual framework of this 
dissertation earlier in chapter 1, chapter 2 first provides an overview on the scholarly literature related to the concept of resilience 
(section 2.1.1) and agency (section 2.1.2). It shows research gaps and derives the four key research questions of this dissertation. 
Finally, to present the red thread, chapter 2 explains the general research approach (section 2.2) and elaborates on the individual 
contribution of the six publications, structured according to the four modules of this dissertation (section 2.3).  
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Chapter 3 highlights the methodological implementation of this dissertation in four steps: Section 3.1 presents the general method-
ological approaches. Section 3.2 exemplifies the data collection methods and section 3.3 the analysis methods, employed in this 
dissertation. Finally, section 3.4 shows how the methodological approaches, methods and data bases have been applied in the four 
modules.  
Chapter 4 provides a brief overview on the empirical cases used in this dissertation.  
Chapter 5 presents the key findings of this dissertation and shows how the four research questions were addressed and answered. 
It is structured according to the four main research questions (section 5.1 - 5.4). At the end of every section it provides a concise 
overview box on key findings of the module and its contributions to the overall research aim (sections 5.1.2, 5.2.1, 5.3.1 and 5.4.1).  
Chapter 6 discusses the relevance of the findings, first for the study of resilience (section 6.1) and agency (section - 6.2) and second 
in a synthesised manner with regard to the overall research aim of understanding structures and dynamics in mature sustainability 
transitions of energy systems (section 6.3).  
Chapter 7 provides the thesis’ conclusion, first by giving a summary of the entire thesis (section 7.1) and second by discussing limita-
tions and avenues for further research (section 7.2). Finally, the thesis concludes by an overarching reflection on the thesis results’ 
implication for practice (section 7.3).  
Part B: Publications The six publications of this thesis are attached in part B. The list of the publications provides a concise overview 
(part B).  
Part C: Appendix The appendix provides supplementary empirical material, which has not been presented in the publications but 
has been key for their results. Its presentation is structured according to the four modules of this dissertation (section A). The appen-
dix comprises additional non-peer-reviewed publications - which are not part of the official thesis publications, but are very helpful 
for a more detailed understanding of energy transitions (section B) and finally it provides additional personal information about the 
thesis author (section C). 
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 Theoretical background and con-
ceptual design 
2.1 Literature overview, research gaps and research questions 
In order to better understand structures and dynamics of mature sustainability transitions on the system- and on the actor-level, this 
dissertation is relying on two literature strands: resilience literature and transition studies focussing on agency. This dissertation 
draws on both strands of literature to work on two areas, which are of critical relevance for the study of mature sustainability tran-
sitions of European energy systems: the conceptualisation of system functionality of energy systems undergoing fundamental 
changes and a better understanding of transition dynamics in the mature phase of a sustainability transition. 
2.1.1 Resilience of socio-technical energy systems in transition  
The notion of resilience is widely used in scholarly and non-scholarly discourses. Summarising the subsequent section, it describes 
the ability of an individual, an entity or an entire system to recover from shocks and return to the initial state, as well as to maintain 
its key functionality or identity. Various scholarly disciplines as e.g. psychology, engineering sciences, ecology and sociology employ 
concepts of resilience in very specific ways (for an overview see for example Weiß et al., 2018; Folke, 2016; Hosseini et al., 2016). The 
analysis of resilience in energy systems is hitherto predominantly based on the concept of engineering resilience. Engineering resili-
ence is commonly conceptualised as the ability of a technological system (e.g. the electricity grid) to return to its initial state and way 
of functioning after facing an external shock. Holling (1996) defines engineering resilience as a concept, which “concentrates on 
stability near an equilibrium steady state, where resistance to disturbance and speed of return to the equilibrium are used to measure 
the property [of resilience]” (Holling, 1996, p. 33). Applied to energy systems, Afgan and Veziroglu (2012, p. 5461) describe “energy 
resilience [as] the ability of an energy system to provide and maintain an acceptable level of service in the face of various challenges 
to normal operation”. Panteli and Mancarella (2015, p. 60) exemplify that resilience “is the ability, to anticipate, absorb and rapidly 
recover from external high-impact low-probability shocks”. In contrast, they differentiate the concept of reliability, which is the ability 
of the system to operate while undergoing “high-probability and low impact events” (Panteli and Mancarella, 2015, p. 60). Engineer-
ing resilience is thus particularly concerned with system reactions to extreme events and shocks, respectively. This process is com-
monly conceptualised in four phases: preparation, absorption, recovery and adaptation (Sharifi and Yamagata, 2016; Linkov et al., 
2013). The most common framework to system abilities in engineering resilience is the so called 4R framework, which describes that 
a resilient system is characterised by robustness, redundancy, resourcefulness, and rapidity (Panteli and Mancarella, 2015).  
In the context of energy systems, engineering resilience is mostly used for the analysis of critical infrastructures - mainly the power 
grid (Strbac et al., 2015; Panteli and Mancarella, 2015; Zio, 2016; Nan and Sansavini, 2017; Roege et al., 2014), urban infrastructure 
planning (Kharrazi and Masaru, 2012; Scott et al; Sharifi and Yamagata, 2016; Ouyang et al., 2012) and risk and disaster management 
(McLellan et al., 2012; Park et al., 2013). Scholars are mainly engaged in developing frameworks to conceptualise critical infrastruc-
ture resilience and energy system resilience (Roege et al., 2014; Panteli and Mancarella, 2015; Linkov et al., 2013; Zio, 2016), opera-
tionalising it in various measures and indicator sets (Sharifi and Yamagata, 2016; Molyneaux et al., 2016; Schlör et al., 2018; Erker et 
al., 2017a) and empirically analysing critical infrastructure resilience (Strbac et al., 2015; Molyneaux et al., 2012; Erker et al., 2017b). 
Finally, the analysis and conceptualisation of the interconnectedness and interdependency of critical infrastructures, so called sys-
tems-of-systems approaches, have received particular interest (Nan and Sansavini, 2017; Zio and Sansavini, 2011; Vespignani, 2010; 
Rinaldi et al., 2001; Kröger, 2008; Little, 2004).  
Engineering resilience, however, is a static concept, which focuses on recovery and a return to the initial system state. For the analysis 
of energy systems, which undergo deliberate and purposive transitions, aspects of change and system transformation are of key 
importance. They are under-conceptualised in engineering resilience, since the focus in the past has been on restoring functionality 
of a given system after a critical shock, not on conceptualising and understanding functionality during a purposive transition. The 
social sphere of the energy system is underrepresented in engineering resilience. Social aspects, such as governance structures, com-
petences and learning, which are important for system recovery are considered (especially in risk assessment studies), however, the 
social sphere “only” serves and contributes to the resilience of the technological system (see e.g. McLellan et al., 2012; Park et al., 
2013). Engineering resilience therefore lacks a resilience concept of the social sphere in a socio-technical system. 
Research gap 1: Lack of resilience conceptualisation for socio-technical energy systems undergoing a purposive transition 
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Another strand of systemic resilience literature, the so called adaptive (socio-ecological) resilience literature (Sharifi and Yamagata, 
2016) provides very helpful conceptualisations regarding this gap. Not only does it offer an elaborated conceptualisation of the social 
sphere in the socio-ecological systems approach (see e.g. the socio-ecological systems framework (Ostrom, 2009) or the Human 
Environment Systems Framework (Scholz and Binder, 2003)), but it also conceptualises dynamics, change and transformation as being 
an integral part of system resilience. The conceptualisation of an equally weighted social sphere as well as resilience understanding 
encompassing change are of great value for the study of socio-technical energy systems in transition. 
The core definition of “adaptive resilience” dates back to Walker et al. (2004), who state that “resilience is the capacity of a system 
to absorb disturbance and reorganise while undergoing change so as to still retain essentially the same function, structure, identity, 
and feedbacks” (Walker et al., 2004, p. 1). Walker et al. (2004) exemplify, that a system’s resilience also depends on the resilience of 
its sub- and superordinate systems (which is further developed in the “panarchy concept” by Holling and Gunderson, 2002). Based 
on Walker et al. (2004), Folke et al. (2010) developed a dynamic resilience conceptualisation, which they called resilience thinking. 
Besides robustness, resilience thinking includes adaptability and transformability as “prerequisites” of resilience. In addition, Folke 
et al. (2010) elaborate the panarchy concept and distinguish between specific and general resilience: specific resilience is related to 
a particular subsystem, whereas “general resilience, in contrast, does not define either the part of the system that might cross a 
threshold, or the kinds of shocks the system has to endure. It is about coping with uncertainty in all ways” (Folke et al., 2010, p. 6). 
They argue that a too narrow focus on specific resilience might not allow to prevent a larger system collapse. In contrast, specific 
shocks might open up opportunities for system change, learning and recreation, which can increase the system’s general resilience. 
With this dynamisation, change and transformation have become integral parts of the socio-ecological resilience concept. In 2015, 
scholars from the Resilience Alliance and the Stockholm Resilience Center operationalised resilience thinking in seven principles: i) 
maintain diversity and redundancy, ii) manage connectivity, iii) manage slow variables and feedbacks, iv) foster complex adaptive 
systems thinking, v) encourage learning, vi) broaden participation, vii) promote polycentric governance systems (Simonsen et al., 
2015; Biggs et al., 2015). At the same time, more and more scholars also work on a stronger conceptualisation of resilience thinking 
for the social sphere (Cote and Nightingale, 2012; Fath et al., 2015). In this context, purposive change and deliberate non-return to 
the initial state as well as a more nuanced understanding of system functionality and identity become ever more relevant. 
The rich resilience conceptualisation presented above, which is continuously further developed in the socio-ecological systems com-
munity. However, it has not been applied and operationalised for socio-technical systems yet, except for a few conceptual contribu-
tions (e.g. Wiese, 2016; Hodbod and Adger, 2014; Smith and Stirling, 2008). Among these, Wiese (2016) is the only scholar who has 
worked on energy systems. She operationalised the resilience thinking approach for energy research and has shown how the seven 
principles developed by the Resilience Alliance can be applied to energy systems. Her first application of resilience thinking to energy 
systems necessarily remained on a general level without providing concrete operationalisations or indicators for empirical research. 
Other approaches, employing the socio-ecological systems perspective to energy systems, focus on the ecological aspects of energy 
systems and do not apply the resilience concept (Alvial-Palavicino et al., 2011; Acosta et al., 2018) 
Research gap 2: Lacking operationalisation of resilience thinking for the empirical analysis of energy systems, conceptualised as socio-
technical systems in transition.  
As mentioned earlier, European energy systems are undergoing deliberate, purposive and fundamental transitions on a large scale. 
New technologies and institutions become mainstream and challenge the pre-existing system. In order for the transition to remain 
successful in its mature phase, the social and technological functionality of the energy system – as a critical infrastructure system – 
are inevitable. Conceptualising and operationalising resilience thinking for socio-technical energy systems thus contributes to a better 
understanding of mature sustainability transitions and enriches related scholarly theory building. The theoretical conceptualisation 
of socio-technical energy system resilience can serve as a basis for decision-makers to examine the functionality of the energy system, 
which they steer through the sustainability transition process. Additionally, the empirical analysis provides an exemplification and 
concrete insights, which increases the applicability of the concept in practice. Accordingly, this dissertation tackles the following two 
research questions:  
Research question 1: How to conceptualise and operationalise resilience of socio-technical energy systems in transition? (working 
on research gap 1) 
Research question 2: How to empirically analyse the resilience of socio-technical energy systems in transition? (working on research 
gap 2) 
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2.1.2 Agency in sustainability transitions of socio-technical energy systems 
Transition studies literature “emerged at the intersection of innovation studies, evolutionary economics, science and technology 
studies, sociology, and history of technology. It is based on system thinking, it emphasises the interrelatedness of social, technologi-
cal, institutional and political changes, it highlights path-dependency and lock-in, and points to the inevitability of conflicts among 
actors” (Markard, 2018, p. 628). Markard et al. (2012) provide a rich and comprehensive overview on major strands of transition 
studies, which are strategic niche management (Hoogma et al., 2004; Kemp et al., 1998), transition management (Rotmans et al., 
2001; Loorbach, 2010; Loorbach and Rotmans, 2010), the technological innovation systems approach (Markard et al., 2015; Hekkert 
et al., 2007) and studies employing the multi-level-perspective (Geels, 2004, 2002, 2011). Transition studies are mainly concerned 
with the analysis of profound transitions in sectors like energy, water supply, transport, which they conceptualise as socio-technical 
systems. Markard et al. (2012, p. 956) exemplify that “such systems consist of (networks of) actors (individuals, firms, and other 
organisations, collective actors) and institutions (societal and technological norms, regulations, standards of good practice), as well 
as material artefacts and knowledge (Geels, 2004; Markard, 2011; Weber, 2003). The different elements of the system interact and 
together they provide specific services for society”. Markard et al. (2012) explain that the transition of socio-technical systems “differ 
from technological transitions in that they include changes in user practices and institutional (e.g., regulatory and cultural) structures, 
in addition to the technological dimension” (Markard et al., 2012, p. 956).  
With the rise of the sustainable development concept and the intensifying political attempts to transform infrastructure sectors, 
such as the energy sector, towards more sustainability, socio-technical transitions were re-framed as sustainability transitions. “The 
term ‘sustainability transitions’ has been coined to refer to such purposive transitions, that is, socio-technical transitions that are 
associated with sustainability goals” (Markard, 2018, p. 628). Markard et al. (2012, p. 956) define sustainability transitions as “long-
term, multi-dimensional, and fundamental transformation processes through which established socio-technical systems shift to more 
sustainable modes of production and consumption”. Markard (2018) exemplifies that sustainability transitions are characterised by 
their i) context dependency (differences among regions, sectors), ii) contestedness (there are winners and losers), iii) normativity 
(value-laden, depend on societal preferences) iv) complexity and uncertainty (sustainability problems are often ill-defined, socio-
political processes unpredictable) v) policy- centeredness (public policies play an important role). Rotmans et al. (2001) defined the 
seminal concept of “the transition curve”, which represents the four phases of a sustainability transition – predevelopment (an inno-
vation evolves), take-off (the adoption rates of the innovation increase), acceleration and stabilisation (the innovation becomes main-
stream) – which are widely used to temporally structure the sustainability transition process.  
Another powerful and widespread concept to explain the dynamics and processes of sustainability transitions is the so called multi-
level perspective on sustainability transitions (Geels, 2002, 2011). Based on Giddens’ structuration theory (Giddens, 1984) and con-
cepts from innovation theory (Kemp et al., 1998), it describes three levels of structuration in socio-technical systems – the highly 
structured landscape (e.g. fundamental societal beliefs and norms, which cannot be changed by actors), the medium-structured 
regime (e.g. the mainstream norms, rules and technologies in use) and the least structured niche (e.g. innovative technological and 
social solutions, alternative beliefs). It provides a meso-level theory, with a central understanding that sustainability transitions are 
caused by a major event or changes in the landscape, which open a window of opportunity, in which niches can enter the regime and 
evoke a regime shift (Geels, 2005b; Geels, 2002, 2004, 2010, 2005a; Geels and Schot, 2007). The socio-technical regime is a key 
concept of the multi-level perspective but also used widely in the entire transition studies literature. The socio-technical regime can 
be seen “as the ‘deep-structure’ or grammar of socio-technical systems, and are carried by the social groups” (Geels, 2002, p. 1260). 
It encompasses different forms of institutions (formal or informal rules) as well as belief-systems or norms, which are established in 
the sector (e.g. the energy sector). Socio-technical regimes are meta-regimes, which are embedded in and draw institutions from 
other, related sectors (e.g. ICT, trade, science, etc.) (Geels, 2002). “The core idea behind the regime is that it imposes a logic and 
direction for incremental socio-technical change along established pathways of development” (Markard et al., 2012, p. 957). The 
socio-technical regime is thus concerned with stability. In order for a sustainability transition to take place, the regime needs to get 
challenged by new solutions from the niche in a first phase and needs to fundamentally change and adapt in the second, mature 
phase (Markard, 2018). 
Although all these concepts and theories of sustainability transitions are very much thought from a systemic perspective, actors and 
their agency build an integral part of a socio-technical system and are highly important for its transition. Again based on Giddens’ 
structuration theory, Geels (2002) emphasises that socio-technical systems are characterised by their physical basis (in Giddens’ 
terminology the system), their rules in the socio-technical regime (in Giddens’ terminology the structure) and the actors. The actors 
are influenced by the system and the structure but they also influence and reproduce the system and structure (Giddens, 1984). 
Agency, thus, plays an important role for the implementation of sustainability transitions.  
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As a first attempt, Farla et al., (2012) gathered in a special issue several transition studies’ contributions, which were focused on the 
actor-level. Due to the general system-level focus of transition studies and its roots in political sciences, however, transition scholars 
researching actors and agency focus on the one hand mainly on systemic influence factors on actors, e.g. institutionalist studies 
(Fuenfschilling and Truffer, 2016, 2014), the study of power (Avelino and Wittmayer, 2016) as well as narratives (Hermwille, 2016; 
Kammermann and Dermont, 2018) or on the actors abilities to change the institutions (institutional entrepreneurship (Jolly et al., 
2016; Bohnsack et al., 2016). On the other hand, there is an increasing amount of contributions, analysing actor constellations and 
interplays during transition processes and revealing how they can be managed for the transition process (e.g. on actor network and 
coalition formation (Musiolik et al., 2012; Markard et al., 2016)) or the formation of transition arenas of change makers (Loorbach 
and Rotmans, 2010; van de Kerkhof and Wieczorek, 2005). Actor-related contributions in transition studies mainly focus on the sys-
temic determinants of agency and rather adopt a bird’s-eye view on actor constellations. For a better understanding of agency, it is 
however important to not only look at actors from a system’s perspective but also to consider determinants of agency on the level 
of the individual. A comprehensive framework, facilitating a systematic analysis of agency – considering both, the systemic and actor-
level determinants of agency as well as the feedback of agency on the system and its role for the transition process – is still lacking.  
Research gap 3: Lack of a comprehensive framework to empirically analyse system- and actor-level determinants of agency as well 
as the role of agency in sustainability transitions of socio-technical energy systems  
In the context of energy systems, scholarly contributions concerned with the actor-level and agency are predominantly focussing on 
the different roles of actors for the transition process. Generally speaking, they can be grouped in the well-established dichotomy of 
challengers and incumbents, which stems from social movement theory (Gamson, 1975) and has been further developed in strategic 
action field theory (Fligstein and McAdam, 2011, 2012). Incumbents shape and reproduce the existing regime. It is their role to sta-
bilise the regime and they naturally oppose any larger transition forces, which might challenge them and the existing regime. Chal-
lengers, in turn, are actors who challenge the existing regime and the incumbents with fundamentally new technological and social 
solutions. Between these two actor groups, governance units, which “are charged with overseeing compliance with field rules and, 
in general, facilitating the overall smooth functioning of the system” (Fligstein and McAdam, 2011, p. 13). Transition studies did not 
(yet) pick up the concept of governance units. Due to the roots of transition studies in innovation studies, a high share of contributions 
related to the energy transition focuses on the challengers such as grassroots movements or change agents (Arentsen and Bellekom, 
2014; Coenen et al., 2010; Seyfang et al., 2014; van der Schoor and Scholtens, 2015; Martiskainen and Kivimaa, 2018). More recently, 
an increasing body of literature also works on the role of incumbents in the energy transition (Heiskanen et al., 2018; Lauber and 
Sarasini, 2014; Leitzinger, 2015; Ngaryin Mah et al., 2017; Nijland, 2013; Karneyeva, 2017; Kungl and Geels, 2018). In general, the 
analysis and understanding of incumbents’ behaviour in sustainability transitions is gaining more and more attention (van Mossel et 
al., 2017). 
Up to now, the analysis of challengers and incumbents has been mainly influenced by the normative assumption that challengers 
are good and incumbents are bad for transitions. More recently, an increasing number of contributions are however aiming at a more 
nuanced picture of incumbents’ behaviour, in order to overcome the dichotomy of positive challengers and negative incumbents 
(Smink et al., 2015; Kishna, 2015; Smink, 2015; Wesseling, 2015; Späth et al., 2016). In this context, van Mossel et al. (2017) provide 
a very valuable overview on current scientific endeavours and contributions to enhance the understanding of incumbent behaviour 
in the context of transition studies. Contributions, which are related to the energy sector and which question the negative role of 
incumbents or draw a richer picture of their roles, however, could not be found in the context of the transition studies literature. 
From a transition management perspective, the role of incumbents is critical for the long-term and large-scale transition success in 
the mature phase of the transition. They are the actors in charge of implementing the transition on the regime level. Especially in the 
energy sector, where a sudden revolution and take-over of niche actors could compromise supply security and would not be desira-
ble.  
In the energy context, studies on incumbents’ behaviour in transitions have so far only focused on national energy utility companies 
(e.g. EON and RWE, see e.g. Lauber and Sarasini, 2014; Ratinen and Lund, 2014; Kungl and Geels, 2018; Kungl, 2015). However, in 
states like Germany, Switzerland or Austria, which have a federal energy governance system, incumbents are also located on the 
Länder / cantonal and the commune level. The so called “Regionalversorger” (energy utility companies on the Länder level in Ger-
many) or “Kantonswerke” (energy utility companies on the cantonal level in Switzerland) as well as the “Stadtwerke” and the “Ge-
meindewerke” (public service companies on the municipal level in both countries) play an important role for federal energy govern-
ance systems and thus for the long term success of the energy transition in these countries (Berlo and Wagner, 2011a, 2011b; Finus, 
2012; Gochermann, 2016). In brief, there is not only a lack of a nuanced picture of the incumbents’ roles for the energy transition 
process in general, but also a lacking in-depth understanding of the diversity of incumbents in the energy sector, especially for federal 
energy governance systems.  
Research gap 4: Lack of a nuanced picture and systematic analysis of different roles and types of incumbents in the energy transition. 
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In conclusion, transition studies lack a comprehensive framework, which allows to empirically analyse system-level and actor-level 
determinants of agency in an equally weighted manner, and also takes into account the feedback of their agency on the system. Such 
a framework would on the one hand facilitate the systematic analysis of different actor types and contribute to a better understand-
ing of actor-level dynamics in sustainability transitions, on the other hand it would also allow for cross-case study comparisons. Energy 
related transition studies, lack a more nuanced understanding of the diversity of incumbents’ roles in transition and different types 
of incumbents in the context of the energy transition. The empirical analysis and theoretical conceptualisation of incumbents in 
federal energy governance systems and a more fine-grained analysis of their agency decisively contributes to an improved under-
standing of the diversity of actors and the incumbents’ key role in mature sustainability transitions. Finally, the analysis of incumbents’ 
agency – as those actors, who are in charge of the systems functionality, while it undergoes change – also facilitates the link to the 
resilience conceptualisation, mentioned earlier. 
Research question 3: How to improve the systematic analysis of agency in sustainability transitions of socio-technical energy sys-
tems? (working on research gap 3) 
Research question 4: How to improve the empirical and theoretical understanding of incumbents’ diversity and roles in sustainability 
transitions of socio-technical energy systems? (working on research gap 4)  
 
Definition of key concepts  
The following overview summarises definitions of the key concepts for this thesis – based on the earlier explanations in section 1.2. 
Energy resilience is the ability of an energy system to prepare for and absorb shocks on short notice and adapt and transform itself 
(respectively its subsystems) in the long run, so that it can maintain its functionality (secure, affordable and acceptable energy sup-
ply). A continous balancing between the system’s stability and flexibility on multiple scales is decisive for resilience (e.g. storage for 
stabilising volatile renewable production). Reflexivity and learning capacity are key abilities to maintain this balance. 
Socio-technical (energy) systems comprise all actors who are involved in the governance of the energy system, technological arte-
facts such as production sites, transmission or metering assets as well as related formal and informal rules, which steer the system. 
Formal rules include regulations or standards from within the sector but also beyond (e.g. data protection regulation). Informal rules 
include e.g. worldviews, norms, types of knowledge within the energy sector but also beyond (e.g. societal positions pro or against 
privatisation). The socio-technical energy systems under study in this dissertation are mainly regional systems. They are however 
conceived of as nested systems, e.g. local distribution grids are embedded in the national and supra-national transmission grids. In 
federal energy governance systems, the regional social sphere is likewise embedded in the national and international context. Finally, 
socio-technical energy systems interact also with other systems like the transport or the communication system.  
Sustainability transition of an energy system is the purposive conversion of the energy supply and demand systems aiming at the 
reduction of CO2 emissions, higher shares of renewables, the phase out of fossil fuels and increased energy efficiency. A sustainability 
transition of an energy system is characterised by the co-evolution of and fundamental changes in the social sphere (rules, institu-
tions, actor-constellations) and the technological sphere (system integration of new technologies, deconstruction of old technolo-
gies). An alignment of the social and the technological changes increases the chances of success of the transition. A sustainability 
transition of an energy system is embedded in other transitions in the wider society (e.g. changing awareness of climate change, 
demographic change or urbanisation). 
Mature sustainability transition is the “later phase” of a sustainability transition, where the transition dynamics do not only affect 
niches of the system anymore but reach the mainstream (the regime) of the energy system and influence it on a large scale. Tradi-
tional actors (incumbents) need to react to transition dynamics and fundamental system reconfigurations are upcoming to link new 
solutions to the existing system structure. technologically, e.g. the nationwide change of the transmission grid and the smart meter 
roll-out reflect such fundamental changes. Socially, e.g. questions arise about the economic costs of the transition and the “equitable” 
cost distribution or the changes in the law needed for dealing with new technologies like storage units. A mature sustainability tran-
sition however does not mean that the transition is completed or already achieved its goal. The system is still in an intermediate but 
advanced state of transition relative to its envisaged sustainability goals. 
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Agency is conceptualised as all types of action, which are performed by individuals or organisations. It is influenced by systemic 
influence factors (rules, norms, actor-constellation, existing artefacts) and individual influence factors (motivation, abilities, re-
sources). At the same time agency is an ongoing process of interaction between influence factors, action, feedback and evaluation. 
Agency is purposive und thus a characteristic of living beings, even if they might not always be aware of the full range of their actions’ 
effects or pretend different intentions.  
Incumbents are actors who have key positions, tasks and mandates for the functioning of the existing socio-technical system. Formal 
and informal rules are made for, with and by them, so that they have a powerful position and can influence the regime (the main-
stream way of doing things) decisively more than other actors. Incumbents thus neither per se affect the transition in a negative, nor 
in a positive way. They are simply the “traditional actors” in the system. 
2.2 General research approach  
Mature sustainability transitions in the energy sector are a contemporary phenomenon. Up to now, no specific theories or frame-
works exist in transition studies, which facilitate the conceptualisation or empirical analysis of structures and dynamics in energy 
systems in the mature phase of a sustainability transition. This dissertation combines existing work in transition studies with theo-
retical concepts and frameworks from other bodies of literature, namely resilience thinking and agency theory (see step A “theory 
combination” in Figure 2-3).  
For the conceptualisation, operationalisation and empirical analysis of system functionality, the concept of resilience thinking is em-
ployed. Resilience thinking describes system functionality as being dependent on the system’s abilities of maintaining robustness, 
adaptive capacity and transformability. The dissertation links resilience thinking to the “transition curve” and conceptualises it for 
socio-technical systems in transitions (research question 1). For the improved conceptualisation and empirical analysis of individual’s 
agency, the HES framework, originating from environmental psychology is employed. The framework is reconceptualised for socio-
technical systems and linked to the MLP. The HES framework comprises actor- and system-level determinants of agency and the 
interaction of agency with the system structure (research question 2). For a more detailed description see section 2.3.3 and section 
3.4.3. For the more fine-grained understanding of incumbent’s (organisational) agency in mature sustainability transitions, theoreti-
cal considerations from public corporate governance literature and network industries literature are consulted and linked to the TEF 
Framework (Geels, 2004). This linkage provides a more elaborate conceptualisation of actor and system-level determinants and helps 
to explain the agency of incumbents (research question 4). For a more detailed description see section 2.3.4 and section 3.4.4. Both, 
the conceptualisation of individual and organisational agency aims at a better understanding of transition dynamics in mature sus-
tainability transitions.  
Due to the contemporary nature of mature sustainability transitions in the energy sector, this dissertation confronts the theoretical 
considerations mentioned above with empirical evidence from socio-technical energy systems in mature transitions in an iterative 
process (see step B “theory – empirics iteration” in Figure 2-3). Based on a mixed methods approach, which is explained in more 
detail in section 3.1.2, structures and dynamics of socio-technical energy systems in mature sustainability transitions are analysed 
empirically on both the actor-level and the system-level. The empirical findings subsequently feed back to the theoretical considera-
tions and support the theory building process. In doing so, the dissertation does not only explore system functionality and transition 
dynamics on the conceptual, but also on the empirical level (research question 2, 3 and 4).  
Finally, the iterated results from the conceptual and the empirical studies feed into the proposition of new and complementary 
theories for the better understanding of structures and dynamics in mature sustainability transitions, which are reconnected to tran-
sition studies (see step C “feedback of new theoretical concepts” Figure 2-3). This methodological approach of ”iterative theory 
building” is explained in more detail in 3.1.1. 
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Figure 2-3: General research approach of the dissertation (author’s own representation) 
This dissertation is based on six publications, which are grouped in four modules according to the four research questions:  
• Module 1 Conceptualisation and operationalisation of resilience for socio-technical energy systems in transition (publica-
tion 1) 
• Module 2 Empirical analysis of resilience of socio-technical energy systems in transition (publication 2 and publication 3) 
• Module 3 Conceptualisation and empirical analysis of agency in sustainability transitions of socio-technical energy sys-
tems (publication 4) 
• Module 4 Conceptualisation and empirical analysis of incumbents in sustainability transitions of socio-technical energy 
systems (publication 5 and publication 6) 
Module 1 and 2 focus on system functionality and more specifically on the aspects of system structure for system functionality. 
Module 3 and 4 focus on transition dynamics through the investigation of determinants of agency and the role of individual and 
organisational agency in transitions. The conceptual division between system structure and transition dynamics is made for analytical 
reasons and facilitates a more focussed conceptualisation and analysis.  
Even though module 1 and 2 focus on system structure, they nonetheless consider transition dynamics as driving forces for changes 
in the system structures and at the same time as challenges for system functionality. Module 3 and 4, in turn, focus on agency and 
transition dynamics, but they nonetheless consider system structure as important determinants for agency and affected by agency.  
The conceptual contribution of the individual publications is presented hereafter in more detail, structured according to the four 
modules. The integrated contribution of the publications to the overall research aim – the better understanding of actor and system-
level structures and dynamics in mature sustainability transition – is presented in section 6.3 as part of the discussion.  
2.3 Conceptual contributions and interrelations of individual publications 
This section presents the conceptual contributions and interrelations of the individual publications of this dissertation. According to 
the four modules of this dissertation, the following section is subdivided into four subsections, within which the individual publica-
tions are discussed. For every publication, the subsection first presents a short summary of the publication. Thereafter, it presents 
the conceptual contributions of the publication as well as its linkage to the other publications of the dissertation. Finally, the subsec-
tion concludes by graphically summing up the localisation of modules and the related publications in the overall research approach 
(compare Figure 2-3).  
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2.3.1 Module 1: Conceptualising and operationalising resilience of socio-technical energy 
systems in transition (publication 1) 
Module 1 provides a theoretical understanding of what resilience means for socio-technical energy systems in transition and how it 
can be operationalised for the social and technological sphere by means of an indicator set for diversity and connectivity. This indi-
cator set can be applied to analyse the system configuration of a socio-technical energy system in transition. By basing the indicator 
set on the resilience concept it moreover facilitates the understanding of how the socio-technical system configuration supports 
system functionality and how it is related to transition dynamics.  
Publication 1 Binder, Claudia R., Susan Mühlemeier, and Romano Wyss. "An indicator-based approach for analyzing the resilience of 
transitions for energy regions. Part I: Theoretical and conceptual considerations” Energies 10.1 (2017): 36. 
Summary: Publication 1 presents a conceptualisation of resilience for socio-technical energy systems in transition. It applies the 
resilience thinking concept, developed in the socioecological systems community, to socio-technical systems and combines it with 
the “s-curve” framework on the four ideal type phases of a sustainability transition (Rotmans et al, 2001). Publication 1 formulates 
the system’s resilience during a sustainability transition as a result of the system’s ability to maintain stability and flexibility. It pro-
poses an indicator set and related measures for diversity and connectivity, which can be used for studying the resilience of the tech-
nological and the social sphere of an energy system in transition. The indicator set consists of three indicators for diversity (variety, 
balance and disparity) and three indicators for connectivity (average path-length, degree centrality, modularity). It operationalises 
these indicators for energy systems, using the concept of social arenas and technology groups to allow for an equal application of 
the indicator set to both spheres. Finally, publication 1 discusses the meaning of different archetypical indicator levels and different 
constellations for the energy system resilience by developing four ideal type cases (of high and low levels of diversity and connectiv-
ity). It thus builds not only the conceptual basis for resilience in socio-technical transitions (research question 1), but also facilitates 
an empirical application by proposing a concrete indicator set and an operationalisation of the concept for socio-technical energy 
systems. 
Conceptual contribution: The indicator set developed in this module allows to analyse and measure the resilience of a socio-technical 
energy system via the analysis of its structural configuration and its changes over time. Due to its the conceptual basis on resilience 
theory, the indicator set facilitates the empirical analysis of social and technological system functionality in sustainability transitions. 
The indicator set is also not case-specific but of general validity and can be applied to all phases of a transition process, which facili-
tates comparisons across different phases of the transition and across different empirical cases. The equal conceptualisation of the 
indicators for the social and the technological spheres supports the analysis and comparison of the social and the technological 
system structure and their development over time – within and across cases. By reflecting on the interdependence of system struc-
ture for functionality and the position of the system in the course of a sustainability transition (the four ideal type cases), publication 
1 also provides first explorative thoughts on how system structure and transition dynamics are interlinked. Through these four ideal 
type cases, publication 1 finally also links the indicator set back to the transition phases (“s-curve”) framework and makes them 
accessible for the transitions discourse. In conclusion, publication 1 facilitates the empirical analysis and decisively enriches the un-
derstanding of system functionality and its development over the course of a transition, which contributes to theory building regard-
ing energy systems in mature sustainability transitions (see Figure 2-4). 
Linkage to other publications: Publication 1 builds the conceptual basis for publication 2 and publication 3, which then empirically 
apply the developed indicator set. It provides the basis for the rich system understanding on which publication 4 – 6 are built. It also 
draws attention to the importance of system configurations as an influence factor for agency and the interrelatedness of system 
structure and transition dynamics, on which publication 4 reflects for individual’s agency and publication 5 and publication 6 for 
organisational agency. 
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Figure 2-4: Localisation of Module 1 (publication 1) in the general research approach (author’s own representation)  
2.3.2 Module 2: Empirically applying and discussing the indicator set for resilience of socio-
technical energy systems in transition (publication 2 and publication 3) 
Module 2 provides in-depth empirical insights from the application of the indicator set - developed in module 1 - to two regional 
energy systems and their comparative analysis: i) within one energy region among the social and the technological system sphere, ii) 
different phases in their development over time and iii) among two different energy regions. Module 2 presents a set of methods for 
the qualitative and quantitative analysis of the indicators. It provides examples for the empirical analysis of the theoretical consider-
ations from module 1, empirically underpins them and supports further theory building on system functionality in mature sustaina-
bility transitions. 
Publication 2 Wyss, Romano, Susan Mühlemeier, and Claudia Binder. "An Indicator-Based Approach for Analysing the Resilience of 
Transitions for Energy Regions. Part II: Empirical Application to the Case of Weiz-Gleisdorf, Austria” Energies 11.9 (2018): 2263. 
Summary: Publication 2 empirically applies the indicator set developed in publication 1 to the energy region of Weiz-Gleisdorf (for a 
detailed description see section 4.1). Publication 2 presents results for the energy system’s social and technological configuration 
over the course of the four transition phases, namely predevelopment, take-off, acceleration and stabilisation. In the analysed phase 
(1996 – 2016), the regional technological subsystem showed a strong increase in diversity from low to high levels and a rather con-
stant overall connectivity at medium levels. The social system, in contrast, showed a constant diversity on high to medium levels but 
a decreasing connectivity from high to medium levels (for a more detailed description see section 5.2.1). Finally, publication 2 as-
sesses the derived system configurations and transition patterns by relating them to the four ideal-type cases developed in publica-
tion 1. It concludes that the current system configuration (high diversity but medium connectivity) corresponds to ideal-type case C, 
which describes the system state as an intermediate state in the transition. Publication 2 provides rich empirical insights into the 
system structure as well as its changes over the course of a transition and showed how the resilience of an energy system in transition 
can be analysed empirically (research question 2). 
Conceptual contribution: The results from this empirical application of the indicators for socio-technical resilience present a first 
explorative analysis of the system configuration over the course of a transition and gives an example of an empirical analysis of 
system functionality in mature sustainability transitions. The regional energy systems under study are in the mature phase but the 
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transition of their energy system is not yet completed. The empirical results show e.g. that the system structure in the technological 
sphere has changed decisively while the functionality could be maintained (for more detailed information see section 5.2.2). These 
insights help to retrace the complex interconnected system dynamics in socio-technical systems – by uncovering differences and 
commonalities in the transition dynamics of the social and technological subsystem for the same point in time as well as over the 
course of the transition. The empirical insights also allow for a reflection on causal relations between the subsystems and allow to 
better understand system functionality and transition dynamics in energy systems in (mature) sustainability transitions. On the meth-
odological level, publication 2 presents qualitative and quantitative methods as well as data sources for the empirical analysis of 
resilience in the social and technological sphere of energy systems in transition and discusses the challenges and opportunities of the 
empirical application of the indicator set. In conclusion, publication 2 provides a specific system analysis approach, which considers 
the social and the technological sphere equally, encourages the future application of the indicator set, generates a deeper empirical 
understanding and supports theory building to understand system functionality in mature transitions (see Figure 2-5) 
Linkage to other publications: Publication 2 is based on publication 1 and complements it with rich empirical insights over the course 
of a sustainability transition. Publication 2 is designed in parallel to publication 3, which focuses on one point in time and the propo-
sition of more quantified research methods as well as the analysis of a different case study region. Publication 2 provides a deep 
system understanding of an energy region in Austria, which cross-fertilised the empirical analysis and system understanding in pub-
lication 4 and publication 5. Regarding the reflection on similarities among federal energy governance systems, it also informed the 
conceptual work in publication 6.  
Publication 3 Mühlemeier, Susan, Claudia R. Binder, and Romano Wyss. "“It’s an Endurance Race”: An Indicator-Based Resilience 
Analysis of the Energy Transition in the Allgäu Region, Bavaria” GAIA-Ecological Perspectives for Science and Society 26.1 (2017): 199-
206. 
Summary: Publication 3 applies the indicator set developed in publication 1 to the empirical case of the Allgäu region, which is con-
sidered as a pioneer region in the German energy transition and is currently entering the mature phase of its sustainability transition. 
Publication 3 presents empirical results for the analysis of the system configuration, based on an energy flow analysis (EFA) for the 
technological sphere and a social network analysis (SNA) for the social sphere of the energy transition. In so doing, it applies the same 
conceptual frame as publication 2, but focuses on a different empirical case and employs different analytical methods. The empirical 
results show that the social and the technological subsystem are both characterised by high levels of diversity. The connectivity 
measures are, in turn, only at medium levels for both the social and the technological subsystem. Based on the ideal-type cases, 
developed in module 1 and statements of the interviewees from the region, the transition progress was evaluated as stagnating. The 
results from the system structure analysis mirror this in the lacking connectivity, which does not allow to connect new actors and the 
new technologies to the existing system. Publication 3 shows how the proposed indicators and the system analysis approach do not 
only deepen system understanding but can also support transition management initiatives.  
Conceptual contribution: Similar to publication 2, publication 3 provides empirical evidence for the system’s configuration in a ma-
ture sustainability transition and enriches the understanding of both the technological and the social sphere of an energy system. Its 
main contribution is however a methodological one: with the EFA and the SNA, it presents two complementary methods, which 
facilitate a more quantitative approach to the analysis of the diversity and connectivity indicators for the technological and the social 
sphere. The social network analysis approach, based on interview transcripts, provides an innovative and pragmatic approach to 
achieve a comparable level of quantification for the social sphere. By combining the EFA and the SNA, publication 3 finally presents 
a standardised set of methods, which supports the measurability of the indicators and provides complementary insights compared 
those generated with methods proposed in publication 2. These more quantitative approaches allow to collect additional and quali-
tatively different data and develop a broader database. The interpretation, however, is based on the same theoretical frame as in 
publication 2, which supports the further empirical underpinning of the conceptual ideas, developed in publication 1 (see Figure 2-
5). 
Linkage to other publications: Publication 3 is based on the theoretical framework presented in publication 1. It complements the 
empirical application and findings from publication 2 with an alternative methodological approach and data from a different case 
study region. Publication 3 draws on system knowledge from Module 3 and deepens the understanding of system structure and 
transition dynamics in the Allgäu region.  
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Figure 2-5 Localisation of Module 2 (publication 2 and publication 3) in the general research approach (author’s own representation) 
2.3.3 Module 3: Advancing the analysis of agency in sustainability transitions of socio-tech-
nical energy systems (publication 4) 
Module 3 presents a framework for understanding individual’s agency, interrelated with the systemic context. The systemic context 
influences the behaviour of the actors and their agency again influences the system in which they are embedded. This framework is 
based on a rich system understanding and focuses particularly on the actor-level determinants of individual’s agency. Module 3 
applies the framework to the empirical case of change agents in a regional energy transition. In doing so, it provides a conceptual 
and empirical contribution to a better understanding of individual’s agency embedded in and interacting with its systemic context as 
one key driver of transition dynamics. 
Publication 4 Mühlemeier, Susan, Romano Wyss, and Claudia R. Binder. "Und Aktion! – Konzeptualisierung der Rolle individuellen 
Akteurshandelns in sozio-technischen Transitionen am Beispiel der regionalen Energiewende im bayerischen Allgäu" Zeitschrift für 
Energiewirtschaft 41.3 (2017): 187-202.  
Summary: Publication 4 reconceptualises a framework from environmental psychology, the Human-Environment Systems (HES) 
Framework, for the systematic analysis of determinants of individual’s agency and the interaction of agency and system structure in 
socio-technical systems. Publication 4 first presents the framework, which comprises i) actor-level determinants (goal, strategies and 
perceptions of the environment) as well as systemic determinants of agency (socio-technical structure on multiple scales), ii) their 
relation to the actual agency (e.g. through the perception of the environment, which influences goal and strategy) as well as iii) the 
feedbacks of agency on the system and the related system changes, which are implicitly and explicitly evaluated by the actors and 
influence agency through learning (for a more detailed description see section 5.3.1). Publication 4 subsequently adapts the frame-
work, which was originally developed for the analysis of socioecological systems, to socio-technical systems, by i) proposing an ex-
tended understanding of the environment (considering social, technological and environmental aspects equally), ii) conceptualising 
multiple scales in the technological sphere of the system (from artefacts to the entire technological system), parallel to the multiple 
scales of the social and the environmental spheres and finally iii) by conceptualising social interferences (e.g. national regulation 
interferes with local regulation). In an exemplary application to the case of change agents in the Allgäu region, the publication em-
pirically analyses actor and system-level factors, which influence agency and the ways in which agency affects the system configura-
tion. Finally, publication 4 reflects on possible links of the adapted HES framework to the MLP. In doing so, it shows the accessibility 
of the HES framework for transition studies and contributes to the advancement of systematic tools for studying agency embedded 
in its systemic context in mature sustainability transitions (research question 3). 
Conceptual contribution: Publication 4 provides a framework for the systematic analysis of agency embedded in a system’s context. 
It provides a holistic framework for the analysis of transition dynamics, which are driven by agency. The framework comprises a 
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complex system understanding, considering system-level dynamics (feedbacks and interferences) and puts a particular emphasis on 
the multi-scalarity of complex systems, including the dynamics between the different system-levels. This allows for a better under-
standing of key dynamics and structures of energy systems in mature sustainability transitions. As a second contribution, the complex 
system understanding also builds the basis of the linkage of the HES framework to the MLP (based on a complex system understand-
ing). By showing how the concept of multiple layers and their regulatory mechanisms of the HES can be linked to the structuration 
levels of the MLP, it integrates the HES framework in “transitions thinking” and allows to investigate more explicitly the determinants 
of individual’s agency as a key driver of transition dynamics. Finally, the adapted HES frameworks makes a third key contribution, 
which lies in the conceptualisation of actor-level determinants of agency (goal, strategy, perception of the systemic context and 
learning processes), as well as the explicit understanding of the interaction of the systemic context with individual’s agency (through 
perception and evaluation of short- and long-term feedbacks). This decisively improves the understanding of agency in the systemic 
context of sustainability transitions, which was discussed as a weakness in transition studies (see publication 4). Finally, the empirical 
examples enrich the theoretical considerations with concrete examples for the Allgäu region. The diverse but yet strongly overlapping 
goals and strategies of the actors, their embeddedness in the “old system” or the high connectivity within the actor network, were 
all fundamentals of their success in pushing transition dynamics. They help to understand how individual’s agency contributes to 
transition dynamics and how this is dependent on certain actor- and system-level determinants (see Figure 2-6) 
Linkage to other publications: Publication 4 draws on the complex system understanding of system structure and dynamics, pre-
sented in publication 1. It also provides the empirical system knowledge for publication 3. It develops a conceptual frame for agency 
embedded in the systemic context and the interaction of system-level and actor-level structure with agency, which publication 5 and 
6 take up for organisational agency. 
 
Figure 2-6: Localisation of Module 3 (publication 4) in the general research approach (author’s own representation) 
2.3.4 Module 4: Improving the understanding of incumbents in sustainability transitions of 
socio-technical energy systems (publication 5 and publication 6) 
Module 4 transfers the agency understanding of module 3 - embedded and interacting with its systemic context - to the organisa-
tional level. Module 4 presents important insights from an in-depth empirical study of urban utility companies (UUC) in Germany and 
Switzerland. Based on the empirical results, it reveals generalised actor- and system-level determinants of the UUC agency and de-
velops theoretical, structural and procedural analytical categories. It deepens the empirical understanding and theoretical conceptu-
alisation of agency in mature sustainability transitions. 
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Publication 5 Mühlemeier, Susan. „Grosse Stadtwerke - theoretische und empirische Exploration eines besonderen Akteurs in der 
Energiewende Deutschlands und der Schweiz“ Zeitschrift für Energiewirtschaft (2018) DOI: 10.1007/s12398-018-0237-z 
Summary: Publication 5 presents key insights of an in-depth, comparative empirical analysis of UUC in Germany and Switzerland. It 
explores the UUCs’ current situation in the mature phase of the energy transition by investigating the structural and cultural charac-
teristics of these companies, their key organisational, economic and political challenges as well as their strategic answers to these 
challenges. It herewith also sheds light on their role for the overall transition process. Publication 5 unfolds important determinants 
of the agency of UUC, which are a key actor type in the Swiss and German energy sector and deeply embedded in the existing system 
structures. This helps to better understand the agency of these actors on the one hand, as well as the more general structures and 
dynamics in the two (federal) energy systems, on the other. To structure and generalise the empirical findings on the key determi-
nants of UUCs’ agency, publication 5 builds on theoretical considerations from the public corporate governance literature as well as 
the network industries literature and conceptualises UUC as public companies in network industries. Based on this theoretical basis 
and the empirical insights, publication 5 proposes structural and procedural analytical categories, which summarise the particularities 
of UUCs’ agency in the context of the energy transition: structural (multiple roles of the owner, network industry, federal governance 
system, multi-utility) and procedural (liberalisation and corporatisation, cultural and organisational change, tensions between market 
and monopoly organisation). For a more detailed overview see section 5.4.1). Publication 5 reflects on the different roles of UUC for 
the energy transition and on the influence of their agency on the systemic transition. Finally, publication 5 empirically investigates 
and theoretically conceptualises key determinants of a key (incumbent) actor in the Swiss and German energy transition and supports 
the scholarly endeavour of drawing a more nuanced picture of the different types and roles of incumbents (RQ4).  
Conceptual contribution: The empirical insights, presented in publication 5, provide a nuanced and enriched empirical understanding 
of the UUCs’ agency. The main conceptual contribution of the publication is the development of analytical categories which are 
derived from the particular case of UUC, but generally applicable to other public incumbents in the energy sector or other network 
industries (which are organised through a federal governance structure). These analytical categories capture particularities on the 
actor-level (public company, multi-utility) as well as on the system-level (federal governance structure, network industry) and allude 
to transition dynamics on the actor-level (organisational and cultural change) as well as on the system-level (liberalisation, digitalisa-
tion). Publication 5 thus takes an actor perspective on transition dynamics in mature sustainability transitions of the energy sector 
and improves the conceptual understanding of these transitions. This improved understanding also facilitates a more successful 
management of a mature sustainability transition since the collaboration with the key actors will be more effective. Finally, the em-
pirical evidence presented in publication 5 also alludes to the key roles the UUC play in linking system functionality and transition 
dynamics on the local level. On the one hand, UUC ensure the system’s functionality on the local level (e.g. as network operators). 
On the other hand, they are pushed to facilitate the sustainability transition on the larger scale, due to their public ownership struc-
ture (their linking role is discussed in more detail in section 6.3). Publication 5 contributes to a more nuanced empirical knowledge 
base and theoretical categories for understanding UUC. These categories are derived from specific cases but have a general validity 
to understand UUCs’ agency as key drivers of transition dynamics in federal energy systems (see Figure 2-7). 
Linkage to other publications: Publication 5 transfers the actor- and system-level agency determinants and feedback logic, presented 
in publication 4 for individual’s agency, to the level of organisational agency. Publication 5 draws from the rich system understanding 
of federal energy governance systems, which was developed in Publication 1, 2 and 3.  
Publication 6 Mühlemeier, Susan. Public incumbent actors in network industries – investigating urban utility companies in the Ger-
man and Swiss energy transition. Environmental Innovation and Sustainability Transitions (EIST) (under review) 
Summary: Publication 6 focuses more explicitly on the conceptual contribution of the analytical categories, developed in publication 
5. Publication 6 conceptualises UUC as public incumbents in network industries in sustainability transitions. For this, it first explains 
how the TEF can be applied to investigate the agency of UUC in the systemic context of the energy transition. It elaborates on the 
theoretical anchoring of the analytical categories in the public corporate governance and network industries literature and shows 
their explanatory value for the study of UUC, exemplified by concrete empirical examples. Publication 6 also explains the methodo-
logical approach of iterative theory building in order for the reader to understand the development process of the analytical catego-
ries. Subsequently, publication 6 shows how the analytical categories can be linked to the TEF and made accessible for transition 
studies. For every analytical category, it shows how they can be linked either in a complementary or an exemplifying manner to the 
different building blocks of the TEF (for an overview table see publication 6). Publication 6 emphasises that the elaborated analytical 
categories are thought of as theoretical considerations, which can be employed in addition to but also independently from the TEF. 
Publication 6 concludes by reflecting on the explanatory value of the TEF together with the analytical categories to understand other 
public incumbent actors in the energy sector and other network industries (such as telecommunication or railways). This comparative 
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approach paves the way for future comparative studies, which can improve the understanding of their agency. In conclusion, the TEF 
and the complementary analytical categories jointly provide a holistic framework to analyse in a more accurate way the agency of 
public incumbents in the systemic context of a transitioning energy sector. 
Conceptual contribution: Publication 6 links the analytical categories developed in publication 5 with the TEF and improves the con-
ceptual understanding of the specific actor- and system-level determinants of agency of public incumbents in network industries. 
The TEF, for example, puts an emphasis on the importance of the regime (the rules) as an integral part of the system configuration. 
The analytical categories exemplify that this is of particular importance for network industries with their highly regulated natural 
monopolies and high share of (regulated) public actors. With this linkage, publication 6 provides a holistic framework to understand 
incumbents’ agency in a sustainability transition, which is of general validity but nonetheless appropriate for the particular energy 
case. By linking the analytical categories explicitly to the building block of the TEF, publication 6 also makes them accessible to the 
transition studies’ discourses. This linkage gives an example of how existing frameworks in transition studies can be tailored to the 
specificities of the energy sector to understand its mature sustainability. The linkage also encourages the usage of existing theoretical 
considerations on agency embedded in its systemic context in a complementary manner, to support theory building on transition 
dynamics in mature sustainability transitions. Finally, publication 6 draws attention to the similarities of public incumbents in the 
energy sector with other infrastructure sectors and alludes to commonalities of the system structures in network industries. It points 
out that the comparison of structurally similar sectors and their key actors can help improve the understanding of mature sustaina-
bility transitions (see Figure 2-7). 
Linkage to other publications: Publication 6 deepens the conceptual understanding of the characteristics, which were developed in 
publication 5. As publication 5, it adds the actor-specific perspective on mature sustainability transitions to the mainly system-fo-
cussed perspective in publications 1, 2 and 3, while considering actor- and system-level determinants equally.  
 
Figure 2-7: Localisation of Module 4 (publication 5 and publication 6) in the general research approach (author’s own representation) 
In conclusion, Figure 2-8 presents an overview of the conceptual contribution of the modules and the individual publications. Module 
1 contributes on a theoretical level to the conceptualisation and operationalisation of system functionality. Module 2 contributes on 
the empirical level to the analysis of system functionality. Module 3 contributes on the theoretical and empirical level to the concep-
tualisation of individual’s agency for transition dynamics. Module 4 contributes on the theoretical and empirical level to the concep-
tualisation of incumbents’ organisational agency for transition dynamics.  
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Figure 2-8: Overview on conceptual contribution of modules and individual publications (author’s own representation) 
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 Methodology 
The subsequent chapter first presents the dissertations’ overarching methodological approaches iterative theory building and mixed-
methods analysis (section 3.1). Subsequently, it explains the data collection methods of primary and secondary data (section 3.2) as 
well as the analytical methods (general – applied in all modules and specific – applied in individual modules) of this dissertation 
(section 3.3). Finally, it provides a detailed overview on the implementation of each individual module (section 3.4).  
For a graphical summary of the methodological implementation of this dissertation see Figure 3-9. 
3.1 Methodological approaches 
3.1.1 Iterative theory building  
Iterative theory building is a methodological approach to develop hypotheses and mid-range theories, based on an iteration of the-
oretical and empirical analyses and interpretation of related findings (Kerssens-van Drongelen, 2001; Miles and Huberman, 1994, p. 
12; Eisenhardt, 1989). Kerssens-van Drongelen (2001) exemplifies that theory building in general has three steps: exploration, expla-
nation and validation. These three steps are also true for iterative theory building. She describes that in iterative theory building 
these three steps happen in several iterative cycles. Such a cycle comprises a sequence of literature search, provisional research 
propositions, empirical analysis, reflection, literature search and finally a first provisional theory building. The second cycle starts 
again with a refined research proposition, is followed by another empirical analysis, reflection, literature search and refined theory 
building. These cycles can be repeated as often as necessary (for a graphical overview see (Kerssens-van Drongelen, 2001, p. 505)). 
Her key message is that theory building is not done before the execution of the empirical research, but it is rather done in parallel. 
The same is true for theory validation, which is not solely done at the end but is integrated into the research process (Kerssens-van 
Drongelen, 2001, p. 503). Iterative theory building is therefore closely related to theory building from case study research (Kerssens-
van Drongelen, 2001). Iterative theory building is employed in areas and contexts in which a certain level of prior knowledge, frame-
works and theories exists, which, however, are not yet sufficient to describe and understand the object of research (Eisenhardt, 1989, 
p. 548).  
Iterative theory building is rooted in the tradition of grounded theory, which was originally coined by Glaser and Strauss in their 
seminal work “the discovery of grounded theory” first published in 1967 (Glaser and Strauss, 1999). Grounded theory describes the 
process of inductive theory building, starting the investigation of a research question from the open analysis of empirical evidence. 
By employing theoretical sampling, grounded theory scholars continuously build theoretical categories based on the collection, the 
structuring and subsequent interpretation of the empirical findings. Hence, grounded theory scholars start their inductive theory 
building process with no or (at least) little pre-existing theoretical concepts, continue several rounds of interpretation of empirical 
findings, theory building and re-analysis of empirical evidence until “the point of saturation” is reached (Flick, 2009, p. 428). For new 
areas of research and new empirical fields, this allows the development of solid theories, grounded on rich empirical evidence, which 
is fitting the empirical case, is understandable, general and allows for control in everyday life: “[it] must enable the person, who uses 
it to have enough control in everyday situations to make its application worth trying it” (Glaser and Strauss, 1999, p. 245). While also 
emphasising the iterative character of theory building processes, which are based on empirical evidence, iterative theory building, 
however, explicitly acknowledges the pre-existence of knowledge, theories and frameworks and does not “start from zero”.  
Iterative theory building is very suitable for the scope of this dissertation, for which indeed a rich palette of pre-existing conceptual-
isations and frameworks is available (as presented in section 2.1), but which were not yet applied and re-conceptualised for i) the 
empirical context of socio-technical energy systems in transition, ii) the systematic analysis of an agency in transitions as well as iii) 
the more nuanced understanding of incumbents in socio-technical energy systems in transition. For all these areas, theory building, 
respectively conceptualisation is needed and is provided by this dissertation, acknowledging the already existing rich theoretical 
basis. In this context, Iterative theory building builds the key methodological approach of this dissertation.  
3.1.2 Mixed-methods analysis 
As mentioned earlier, iterative theory building is largely based on empirical analysis and its findings, for which a mixed-methods 
approach has been applied in the context of this dissertation. Mixed-methods approaches employ qualitative and quantitative data 
bases and methods as well as several qualitative - or quantitative – methods. This process is called triangulation (Flick, 2009; Miles 
and Huberman, 1994). Mixed-methods approaches are rooted in the pragmatic research tradition. Pragmatism scholars propose the 
combination and integration of qualitative and quantitative data and methods as a third way in research and as a possibility to over-
come the orthodoxy of either purely qualitative or purely quantitative research (Flick, 2009). Based on Rossman and Wilson (1991), 
Miles and Huberman (1994) mention three reasons for mixed-methods approaches: “triangulation”, “richer detail” and “to initiate 
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new lines of thinking” (Miles and Huberman, 1994, p.41). Miles and Huberman (1994) propose three main levels of mixed methods 
approaches: “quantizing” (qualitative data are quantified), “linkage” (qualitative and quantitative data are compared) and “study 
design” (qualitative and quantitative methods are combined on the level of the overall research design). Regarding this combination 
on the research design level, they propose four archetypes of mixed-methods research designs which can be grouped in two areas 
based on their order of application: parallel order (e.g. case study analysis, where qualitative methods and data sources are con-
ducted and collected for one common case study description) or consecutive order (e.g. qualitative hypothesis general, quantitative 
hypothesis-check, qualitative interpretation) (Miles and Huberman, 1994). Flick (2009) presents eleven ways of qualitative-quantita-
tive integration based on Bryman (1992) and points to the ongoing debate in the “qualitative-quantitative” problem. However, what 
started in the 1980ies as a philosophical debate, nowadays is a debate of methodological appropriateness for different research 
objectives and questions.  
In the context of this dissertation, a mixed-methods approach to empirical research was employed, to serve the aim of gaining richer 
empirical evidence and respective insights as well as to initiate new lines of thinking and thus supporting the iterative theory building 
process. It was mainly implemented through linkage (the comparison of qualitative and quantitative data) and a parallel order re-
search design. 
3.2 Data collection methods 
3.2.1 Primary data: Results of semi-structured expert interviews and group discussions  
Semi-structured expert interviews 
Semi-structured expert interviews are a specific type of qualitative interviews, whereby expert interviews are conceptualised as a 
subgroup of more general semi-structured interviews (Flick, 2009, p. 165; Meuser and Nagel, 1989). Semi-structured interviews are 
based on interview outlines which structure the interview, but also allow for spontaneous additional questions as well as changes in 
the order of the questions. Semi-structured interviews allow for “open questions” as well as for “theory-driven questions” (Flick, 
2009, p. 153). In expert interviews, interviewees are considered as experts, meaning “persons, who are particularly competent as 
authorities on a certain matter of facts […] Experts have technological process oriented and interpretive knowledge referring to their 
specific professional sphere of activity. Thus, expert knowledge does not only consist of systematised and reflexively accessible spe-
cialist knowledge, but it has the character of practical knowledge in big parts” (Flick, 2009, p. 166). Expert interviews can be employed 
for “exploration”, the “collection of context information” or “theory-generation” (Flick, 2009, p. 166; Bogner and Menz, 2002, pp. 
36–38). The standard procedure of collecting primary data through semi-structured expert interviews comprises the following steps: 
interview outline design, sampling of interviewees, conduction and documentation of interviews, transcription.  
The actual data basis, thus, consists either of notes or audio- or film-records and their transcripts. Transcripts are the written repre-
sentation of oral and/or visual data (Kvale and Brinkmann, 2009, p. 178) and can be produced in different ways. According to their 
level of detail these range from selective, summarising protocols with a low level of detail to “pure verbatim protocols”, word by 
word protocols, which can also contain additional information on the context of the claims (e.g. “long silence before answering”) 
(Mayring, 2014, p. 45; Höld, 2009; Kvale and Brinkmann, 2009, p. 180).  
In this dissertation, several rounds of semi-structured expert interviews were conducted, based on pre-defined outlines, which were 
developed based on theoretical concepts and empirical evidence from structural data on a regional level and documents (see section 
3.2.2). The interviews were conducted aiming for exploration and collection of the context knowledge of actors (case-specific insider 
knowledge on the energy transition). Interviewees were contacted based on snowball sampling. Per interview series, the same inter-
view outline was used for all interviewees. The interviews were conducted with researchers and decision makers from industry, 
politics, associations, consultancies and NGOs, face to face, in neutral meeting rooms in the experts’ offices to allow for a maximum 
of comfort and time efficiency for the interviewees. The interviews were conducted in an open dialogue, encouraging critical thoughts 
and open answers. The interviews were recorded and anonymised, to support an open and secure atmosphere for the interviewer 
and the interviewees, in line with generally accepted interviewing ethics (Kvale and Brinkmann, 2009, pp. 61–79). The recordings 
were transcribed in anonymised word by word protocols, respectively summarising protocols for module 4, using the text analysis 
software MAXQDA (www.maxqda.com)  
Group discussion  
The group discussion represents a particular type of qualitative data collection, which “stimulates a discussion and uses its dynamic 
of developing conversation in the discussion as the central source of knowledge” (Flick, 2009, p. 196). Group discussions are used to 
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create a “more natural environment, which corresponds to the way in which opinions are produced, expressed, and exchanged in 
everyday life. Another feature of group discussions is that corrections by the group concerning views that are not correct, not socially 
shared, or extreme are available as means for validating statements and views” (Flick, 2009, p. 197). Group discussions are thus 
generally used for the analysis of collective opinion or opinion building processes and can be employed for exploration, explanation 
or validation of empirical findings and their interpretations. The sampling of the group can either result in a “natural group” (people 
who also act together in daily life) or as an “artificial” group (sampled by the researcher), which consist of homogeneous or hetero-
geneous group members (Flick, 2009, pp. 197–198). An additional important aspect of group discussions is the role of the moderator 
(be it the researcher or a different person). The moderator can guide the group in different ways, according to its level of influence 
on the group discussion: “formally” (only steering the agenda), “topical” (steering the topics of the discussion) or by “steering the 
group dynamics” (e.g. by asking provocative questions or actively including less involved persons) (Flick, 2009, p. 199) 
In this dissertation, group discussions were used for the validation of empirical results from previous research steps and their inter-
pretation in the context of an expert workshop. The group was sampled as an artificial, heterogeneous group, including previously 
interviewed experts and non-interviewed experts for triangulation. The group moderation was carried out by the author of the thesis 
in a formal and topical way for different parts of the expert workshops. The results of the group discussions were recorded and 
documented by two colleagues (written protocols) in an anonymised form and transcribed in a summarising manner.  
3.2.2 Secondary data: scholarly literature and structural data 
Scholarly literature  
Scholarly literature comprises peer-reviewed journal articles and book chapters, as well as conference publications and dissertations 
(Hart, 2018, p. 35). In this dissertation project, scholarly literature was accessed from the university libraries of the Ludwig-Maximil-
ians-Universität München (February 2015 – February 2016) and the Ecole Polytechnique fédérale de Lausanne (from March 2016). 
The sampling was conducted in an iterative process, employing two steps: First, an online data base search (library catalogues, web 
of science and google scholar), which was informed by the research questions and helped to develop the conceptualisations of inter-
est. Second, a snowball sampling search of literature, based on the references in publications identified in the first step. The scholarly 
literature was collected, structured and analysed using the literature management softwares CITAVI (www.citavi.com) and ZOTERO 
(www.zotero.org)  
Structural data  
Documents and structural data in general are mainly used to obtain supplementary information on the research object as well as on 
its context (Bowen, 2009, p. 29). Structural data in this dissertation consisted of regional structural data and documents on the em-
pirical cases and their contexts. Regional structural data in this dissertation comprised mostly quantitative data on characteristics of 
a region (e.g. demographic data, employment and economic data, resource or ecological data) and official statistics on regional en-
ergy production (e.g. resources and technologies, capacities) as well as economic data (e.g. regional industry branches). All the em-
ployed structural data were freely available data. It was sampled in a non-schematic way, according to the needs in the individual 
modules. Documents represent a wide range of data. They can include letters, minutes, event reports, administrative of firm reports 
and news publication clippings (Yin, 2003, p. 86; Bowen, 2009, p. 27). Documents used in this dissertation were administrative re-
ports, firm reports, sectoral reports, webpages of organisations, maps on electricity grids and heat networks as well as news publica-
tion clippings.  
3.3 Data analysis methods 
The subsequent section first presents general data analysis methods, which were used in all four modules of this dissertation and 
second, specific data analysis methods, which were only employed for module 2. In parallel to section 3.2, the general analysis meth-
ods are subdivided in analysis methods for primary data and analysis methods for secondary data.  
3.3.1 General data analysis methods: structuring qualitative content analysis, document 
analysis and structuring qualitative content analysis  
Primary data analysis: Structuring qualitative content analysis and theoretical coding of interview transcripts 
“The central idea of Qualitative Content Analysis is to start from the methodological basis of Quantitative Content Analysis but to 
conceptualise the process of assigning categories to text passages as a qualitative-interpretive act, following content-analytical rules. 
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In this respect, the Qualitative Content Analysis is a mixed methods approach: assignment of categories to text as qualitative step, 
working through many text passages and analysis of frequencies of categories as quantitative step” (Mayring, 2014, p. 35). Qualitative 
content analysis has its roots in quantitative, software-based text analysis, which originally stems from communication science. The 
original goal was to analyse the increasing media data, which exponentially grew with the development of digitalisation (Mayring, 
2014, p. 18). As mentioned before, key steps and concepts of qualitative content analysis is the development of categories (codes), 
their definition (in memos) and the process of assigning passages of the analysed text (codings) to the codes (Flick et al., 2004, pp. 
266–269). This coding procedure can be conducted in an inductive way (codes are built on emergent patterns from the text – “data 
driven” coding) or a deductive way (codes are derived from theory or pre-existing knowledge – “concept driven” coding) (Gibbs, 
2008). Qualitative content analysis is nowadays widely used for the analysis of interview transcripts and is especially suitable for the 
analysis of semi-structured interviews (Flick et al., 2004, pp. 253–258). 
Mayring (1991) differentiates three types of qualitative content analysis: explaining (enriches text with additional material and 
thought for interpretation), summarising (summarises the text to the key messages) and structuring qualitative content analysis 
(structures the text according to key aspects). The steps of a structuring qualitative content analysis are the following: development 
of a code schema (theory based), definition of codes (code descriptions), pre-test of codes with a representative set of material, if 
necessary, revision of code scheme, coding of entire material, and finally the analysis of the results (e.g. quantification, grouping, 
mapping of codes and codings) (Mayring, 1991, p. 212). Althouhg structuring qualitative content analysis indeed belongs to the “con-
cept driven” coding procedures, it allows for refinement of the codes based on the empirical analysis in the testing phase. It perfectly 
fits the iterative theory building process, since it acknowledges pre-existing concepts and allows for the development of new con-
cepts.  
In this dissertation, the structuring qualitative content analysis was employed for all interview transcript analyses, using the text 
analysis software MAXQDA. The code schemes were developed based on results of prior explorative literature analyses or empirical 
analyses, except for one open coding procedure in Module 3. The codes were discussed with colleagues, defined in memos for the 
coding procedure, tested and revised. During the coding process, the pre-existing codes were further differentiated with sub-codes, 
which allowed to mirror the diversity of the findings. Additional interesting findings were collected in an extra code (“additional 
findings”). The results were analysed, employing the mixed-methods approach through graphical representation of the codes 
(MAXQDA mapping tool MAXmaps), a counting of coding frequencies and summarising descriptions of the findings per codes. The 
results were used for concept development (exploration) and the exemplification of concept operationalisations (explanation and 
validation).  
Secondary data analysis: Qualitative literature analysis 
Qualitative literature analysis describes the process of analysing scholarly literature for literature reviews or “understanding of argu-
ments in research” (Hart, 2018). This also includes the development of conceptual frameworks and theory building. Hart (2018) 
describes the following general steps of literature analysis processes: definition of search categories and key words, based on re-
search questions, literature searches and collections, readings, analyses of arguments and if necessary an iteration of the process. 
Randolph (2009) seconds Hart’s steps also for qualitative literature analysis processes. Based on Gall et al. (1996), he further exem-
plifies the step of analysis as i) the identification of theoretical constructs, ii) development of hypothetical linkages among them, iii) 
search for rival concepts and iv) “use colleagues or informants for corrobation” of the results (Randolph, 2009, p. 10). A qualitative 
literature analysis is, thus, an iterative process and can be used in every phase of a theory building process.  
In this dissertation, qualitative literature analyses were integral part of the iterative theory building approach. They were employed 
i) to reveal conceptualisations, structuring and generalisation of the empirical findings, ii) for the identification of frameworks for 
empirical analysis (exploration) as well as iii) their operationalisation for the particular context (explanation). The analyses were con-
ducted using a two methods key-word based sampling and snowball sampling in an iterative way. The results of the reading and 
analysis processes were documented and evaluated in scholarly discussions with colleagues.  
Document analysis of structural data 
“Document analysis is a systematic procedure for reviewing or evaluating documents […] [D]ocument analysis requires that data be 
examined and interpreted in order to elicit meaning, gain understanding, and develop empirical knowledge (Corbin and Strauss, 
2008; Rapley, 2007)” (Bowen, 2009, p. 27). Document analysis is used for different purposes, including triangulation or the develop-
ment of rich empirical evidence in the context of qualitative case study analysis and thus belongs to the classical instruments of case 
study research (Bowen, 2009, p. 29; Yin, 2003). Bowen (2009, p. 32) describes three general steps of document analysis: “skimming 
(superficial examination), reading (thorough examination), and interpretation”. He explains that document analysis comprises two 
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analytical approaches: content analysis (the organisation of information in categories – sorting) and thematic analysis (the recognition 
of emerging patterns and the construction of categories – interpretation) (Bowen, 2009, p. 32). 
In this dissertation, document analysis was applied to analyse the empirical cases and for a better understanding of contexts (e.g. 
legal bases) (exploration and explanation), as well as for triangulation of the interview data (validation). Document analysis was not 
only applied to documents (as defined above in section 3.2.2) but also as a qualitative analysis for regional structural data, e.g. to get 
a better understanding of energy technologies used. The quantitative data were thus analysed in a descriptive manner to comple-
ment pure text data and ensure an equal representation of the technological and social sphere of the energy system under study.  
3.3.2 Specific data analysis methods: Mental model analysis and social network analysis  
Mental model analysis 
“Mental models can be defined as pre-existing mental constructs through which people decipher information and understand the 
environment […] They provide a heuristic function by allowing information about situations, objects, and environments to be classi-
fied and retrieved in terms of their most important features (Cannon-Bowers et al., 1993, p. 226)” (Otto-Banaszak et al., 2011, p. 
218). “Mental models are shared by communication […] and help to reduce uncertainties in decision-making by structuring expecta-
tions about behaviour of other individuals and the environment (Denzau and North, 1994, pp. 7–8)” (Otto-Banaszak et al., 2011, p. 
219). Mental models are used in various disciplines to analyse shared, or conflicting perceptions on the individual and collective level 
(Schöll and Binder, 2009; Johnson-Laird, 1983). In socio-ecological system sciences, mental model analyses are conducted through 
cognitive mapping approaches (Vanwindekens et al., 2013; Özesmi and Özesmi, 2004), which represent individual and collective 
mental models in cognitive maps.  
In module 2 of this dissertation, the Cognitive Mapping Approach for Analysing Actors’ Systems Of Practices (CMASOP) by 
Vanwindekens et al. (2013) was employed to analyse the mental models of the regional experts on the regional energy governance 
system. The CMASOP proposes four steps: conducting qualitative interviews, coding the interview transcripts, deriving individual 
cognitive maps and merging of the individual maps to a common “social cognitive map” (Vanwindekens et al., 2013, p. 335). On the 
one hand, this approach allows to reveal subjective mental maps with a high level of validity on the individual level, and on the other 
hand, it facilitates the deduction of an inter-subjectively shared mental model of the regional governance system, which can be used 
for the system-level analysis of the social sphere of an energy governance system (Vanwindekens et al., 2013). The CMASOP combines 
the depth of individual perception with the breath of a “merged perception”. The CMASOP was used in publication 2, based on a 
structuring qualitative content analysis on pre-existing interview transcripts and complentary “concept maps” (as graphical repre-
sentations of mental models) (Johnson et al., 2006), which were developed with experts in semi-structured interviews in 2016. For 
further details, see publication 2. 
Social network analysis 
“Social Network Analysis (SNA) is a technique allowing the systematic quantitative and qualitative analysis of the links amongst actors 
in various contexts (Scott et al. 2009), helping to understand how the system in which those actors operate functions (Wasserman 
and Faust 1994)” (Kelman et al. 2016, p. 2). Social networks consist of nodes, representing entities – e.g. actors, physical or non-
physical artefacts – and links, which represent the type of connections among nodes, e.g. personal contact, information exchange 
but also capital flows. “SNA provides useful formal tools […] for characterising networks of individuals or collectives and the strength 
and distribution of links within those networks” (Kelman et al. 2016, p. 2). Wasserman and Faust (1994, p.731) subdivide social net-
works according to i) the types of their nodes (one-mode networks have nodes of similar characteristics; two-mode networks com-
prise nodes of different character (e.g. actors and artefacts)) and ii) the way data were collected for the social network analysis (ego-
centred networks are based on individual nodes and their links, full sample networks consist of all “all possible nodes and links of a 
given system”.  
In the context of this dissertation, a social network analysis was employed in module 2 to analyse and quantify the social sphere of 
the regional energy system (publication 3). Actors and organisations as well as their interrelations were identified from expert inter-
view transcripts (Module 3). The transcripts where thus quantified, as proposed in the mixed methods approach (see section 3.1.2). 
The nodes consisted of actors and organisations, which were treated equally in an one-mode network (Wasserman and Faust, 1994, 
p. 36). A link among two nodes existed if either two actors knew each other or were members of the same organisation, respectively, 
an organisation member or owner of another organisation. The network representation and analyses were conducted using the 
software package VISONE (http://www.visone.info).  
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3.4 Methodological implementation of the individual modules 
The subsequent sections present the implementation of the methods discussed above in all four modules. All subsequent sections 
first present the implementation of the overall methodological approaches, i) iterative theory building and ii) mixed method analyses 
and then iii) the data bases, iv) data analysis methods and v) the empirical case used in the module (the detailed description of the 
empirical cases follows in chapter 4). For module 2 and 4, which consists of two publications, the section first presents the method-
ological commonalities, which apply for both publications and subsequently presents the differences for the individual publications. 
This procedure has been chosen to avoid redundancy in the description and better show the specifics of the individual publications. 
For an overview on the individual publications see also Table 3-1.  
3.4.1 Module 1: Conceptualisation and operationalisation of resilience (publication 1) 
Iterative theory building In order to explore theoretical conceptualisation, a qualitative literature research on scholarly research of 
resilience operationalisation was conducted. The results were structured and interpreted in several rounds of scholarly discussions 
with the co-authors of publication 1. In parallel, the empirical evidence for the case study regions was explored through an explorative 
analysis of the empirical data (interview transcripts and structural data). These explorative theoretical and empirical investigations 
resulted in the development of an indicator set and related measures. For explanation, the indicators were operationalised individ-
ually for the social and the technological sphere of energy systems, based on document analyses of the pre-existing interview tran-
scripts and structural data. The findings were again discussed and refined in several rounds of scholarly discussion. For validation, the 
indicators, measures and their operationalisation for socio-technical energy systems were presented and discussed at several con-
ferences (see bibliography). In particular, their operationalisation was discussed with experts from the case study region during the 
two semi-structured expert interviews with regional grid operators.  
Mixed methods analysis In publication 1, qualitative data (scholarly literature, interview data) was used in parallel to quantitative 
data (structural data on energy system), employing several qualitative methods for triangulation (interpretative literature analysis, 
document analysis, scholarly discussion, semi-structured expert interviews). 
Data basis Scholarly literature on ecological, engineering, socio-ecological and social resilience conceptualisations as well as on spe-
cific resilience measures for energy systems was analysed. Regional structural data, including energy production data for the energy 
regions Weiz-Gleisdorf and ökoEnergieland, collected during the TERIM project (Binder and Posch, 2014) (see section A.1.1 structural 
data on energy regions in appendix), the energy regions’ webpages as well as additional online information on actors and organisa-
tions in the region, were employed. Pre-existing interview transcripts from 22 semi-structured expert interviews with key actors of 
the regional energy governance systems, conducted in 2011 in the TERIM project were analysed. In these interviews, interviewees 
were asked for their perception of the evolution of the energy transition in the region, key actors in the transition process and their 
relations to these actors. Additionally, transcripts from two semi-structured expert interviews with grid operators in the region, con-
ducted in 2017 (see section A.1.3 Interviewee list in appendix) were analysed, where the grid operators were asked for a critical 
evaluation of the indicator set developed by the authors (see section A.1.2. in appendix).  
Data analysis methods A qualitative literature analysis was conducted, revealing the different resilience concepts and operationali-
sations for energy systems – for their technological and social sphere. A document analysis served for the exploration of the regional 
energy system and the operationalisation of the indicator set. This comprised the analysis of regional structural data (mainly for 
technological sphere), as well as the analysis of pre-existing interview transcripts (mainly for social sphere). 
Empirical Case Energieregion Weiz-Gleisdorf, ökoEnergieregion – Austria 
3.4.2 Module 2: Empirical analysis of resilience of energy regions in transition (publication 
2 and publication 3) 
Iterative theory building For further explanation of the conceptualisation and operationalisation developed in module 1, an in-depth 
empirical analysis of the indicators was conducted for the socio-technical energy system in the two case study regions.  
Publication 2 presents a longitudinal study for the Energieregion Weiz-Gleisdorf, based on structural data, interview transcripts and 
a mental model analysis, emphasising the transition aspect, which however remained descriptive for the social sphere.  
Publication 3 presents a study for one point in time for the Allgäu region, based on structural data, interview transcripts and social 
network analysis. It provides an attempt to quantify the measures for the social sphere.  
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For validation, semi-structured expert interviews and numerous rounds of scholarly discussions with the co-authors were carried out, 
which provided the refinement of the indicators’ operationalisation for the social and the technological sphere, as well as a deepened 
understanding of the meaning of the indicator’s characteristics and constellations in explaining resilience.  
Mixed methods analysis Qualitative data (pre-existing interview transcripts) and quantitative data (structural data on the energy 
system, energy flow analysis) were analysed in parallel with qualitative methods (content analysis, mental model analysis), quantita-
tive methods (calculation of measures for technological sphere) as well as quantifying methods (social network analysis). In addition, 
the results were discussed with experts (semi-structured interviews). The mixed-methods approach in module 2 (publication 2 and 
publication 3), thus, aimed more for integration of qualitative and quantitative data.  
Data basis Both publications are based on online information on regional organisations.  
Publication 2: Structural data were employed, including energy production data from the TERIM project (see module 1), official en-
ergy statistics of Styria (Statistik Austria, 2016), grid maps from grid operators (www.e-steiermark.com) and online information on 
local district heating networks (Das Land Steiermark, 2016). Publication 2 is based on interview transcripts of semi-structured expert 
interviews conducted in 2011 (see module 1) and seven additional experts from the Energieregion Weiz-Gleisdorf conducted in 2016 
(see section A.2.1 interview outline and section A.2.2 interviewee list in attach). The seven additionally interviewed experts were 
asked for their mental models of the regional governance system and its changes over time (see section A.2.4 mental model analysis 
data in appendix). Two additional experts were asked for data on the technological sphere and their evaluation of the changes in the 
technological sphere of the system. 
Publication 3: Publication 3 is based on energy flow analysis data for the Allgäu region (conducted by Master student Bärbel Hinter-
berger (Hinterberger, 2016) (see section A.2.5 energy flow analysis graph in appendix) as well as interview transcripts of semi-struc-
tured expert interviews conducted for module 3 (see module 3) 
Data analysis methods In both publications, the empirical analysis of the indicators was based on a document analysis of regional 
structural data (mainly for the technological sphere) as well as a structuring qualitative content analysis of interview transcripts (for 
social sphere) (see section A.2.3 code scheme in appendix). 
Publication 2: Additionally, a mental model analysis was conducted for publication 2 (based on graphical representations) to derive 
the system structure of the social sphere.  
Publication 3: Additionally, a social network analysis was conducted for publication 3 (based on quantification of social relations, 
mentioned in interview transcripts) (see section A.2.6 social network analysis data in appendix). 
Empirical case Energieregion Weiz-Gleisdorf – Austria; bayerisches Allgäu - Germany 
3.4.3 Module 3: Reconceptualised agency framework for socio-technical systems (publica-
tion 4) 
Iterative theory building For exploration of the regional energy transition process and its actors, the interviews conducted with 
change agents from the region were analysed and coded in an open, inductive process. The results were structured based on scholarly 
discussions and the open analysis of structural data for the region. In parallel, a qualitative literature analysis of scholarly literature 
on agency conceptualisations (actor-structure-system interaction) in transitions studies and related fields was conducted in order to 
explore how agency embedded in the systemic context can be conceptualised. The theoretical and empirical exploration resulted in 
the identification of the HES framework for the analysis of individual’s agency. For explanation (second step in iterative theory build-
ing), the HES framework was re-conceptualised for socio-technical systems and empirically applied to the case study region. In this 
context, a second, framework-based structuring qualitative content analysis of the interview transcripts and the structural data were 
conducted. For validation, the general empirical applicability of the re-conceptualised framework was discussed in publication 4 – as 
well as its integrability with the MLP and to the wider context of transition studies. 
Mixed methods analysis In module 3, qualitative data (scholarly literature, interview transcripts, structural data) and quantitative 
data (structural data) were compared in parallel order, based on qualitative analysis methods (interpretative literature analysis, con-
tent analysis, qualitative content analysis, open coding) for the empirical analysis. Moreover, different qualitative methods were used 
in sequential order for triangulation in the theory building process (literature analysis, qualitative content analysis).  
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Data basis Scholarly literature on agency conceptualisations and frameworks for empirical analysis of agency (actor- and system-level 
determinants, systemic feedback) in transition studies and related fields was analysed (such as institutionalism, evolutionary eco-
nomics, science and technology studies and sociology). Regional structural data, information on shares of renewables over time 
(Bayerische Staatsregierung, 2017), major regional milestones and legal bases (Mühlemeier et al., 2015) was analysed. Transcripts of 
14 semi-structured expert interviews were utilised - conducted in 2014 and 2015 with regional change agents from industry, admin-
istration and associations (see section A.3.2 interviewee list in appendix), asking for their perception of the regional transition pro-
cess, drivers and barriers as well as their individual role in the transition process and personal motivations and learning processes 
(see section A.3.1 interview outline in appendix). Additionally, survey results from a study of societal perceptions of the regional 
energy transition and the pioneers (Mühlemeier and Knöpfle, 2016) complemented the knowledge on the regional energy system, 
in a non-systematic, informative way. 
Data analysis methods A qualitative literature analysis on agency conceptualisation was conducted as well as a document analysis 
of regional structural data and open coding of interview transcripts (revealing emergent patterns and sorting them). They built the 
basis, for the structuring qualitative content analysis of interview transcripts, which was conducted in a second step, based on the 
framework-categories (see section A.3.3 code scheme in appendix).  
Empirical case Change agents network – bayerisches Allgäu 
3.4.4 Module 4: Incumbents in the energy transition – analysing urban utility companies 
(publication 5 and publication 6) 
Iterative theory building For exploration, the results from the literature analysis conducted in module 3 were complemented with 
results from a literature analysis of conceptualisation of incumbents and agency in organisational studies. The TEF (Geels, 2014) was 
identified as suitable for the analysis of organisational agency of incumbents in transitions. Based on the conceptual building blocks 
of the TEF, the exploration of the UUC as a specific actor type was conducted. For this purpose, a document analysis of structural 
data were conducted, together with a structuring qualitative content analysis of the interview transcripts. This exploration resulted 
in the identification of a decisive lack in the conceptualisation of the actor-specific factors in the TEF. A second round of exploration 
(first step of the iterative theory building process) was conducted, based on a literature analysis of public corporate governance, 
state-owned enterprises and network industries.  
Publication 5: For explanation, publication 5 presents structural and processual analytical categories, which were conceptualised and 
operationalised, based on the results of this second literature analysis as well as the results of the empirical analysis (structural data 
and interview transcripts). 
Publication 6: Publication 6 discusses the explanatory value of the TEF, as well as the value of the additional research strands. Second, 
it discusses the linkage of the newly developed analytical categories to the TEF. 
For validation, the analytical categories were revised in scholarly discussions with experts from network industries. The empirical 
findings were discussed during the expert workshops, putting a particular focus on the role of UUC for the energy transition.  
Mixed methods analysis In module 4, qualitative data (scholarly literature, interview transcripts, structural data, group discussion 
results) were combined with quantitative data (structural data). They were analysed based on qualitative methods (interpretative 
literature analysis, document analysis and qualitative content analysis) in parallel and sequential order. This procedure allowed for 
both richer detail in the empirical analysis as well as a triangulation in the theory building process.  
Data basis Scholarly literature on the conceptualisation of agency (see module 3) and additional concepts of organisational agency 
from organisational studies were analysed as well as literature on incumbents’ agency and their characteristics in transition studies, 
public corporate governance and network industries. In addition, documents (sectoral reports on UUC, the utility companies’ firm 
reports, administrative reports on sector regulation, webpages of organisations) as well as regional structural data (national energy 
production statistics) were used. Interview transcripts were analysed, which originated from 38 semi-structured expert interviews, 
conducted with experts from utility companies, research institutes, political parties and associations in Germany and Switzerland in 
2017 (see section A.4.2 list of interviewees in appendix). The interviews were asking for explorative (non-TEF based) aspects (charac-
teristics of UUC, their position in the sector, their role in the transition process and for the resilience of the energy system) as well as 
for influence factors on their agency, grouped according to the levels, conceptualised in the TEF framework (socio-political, economic 
and organisational challenges and strategic answers) in the context of the energy transition (see section A.4.1 interview outlines and 
material in appendix). Finally, results from the two expert workshops, carried out in 2018 in Switzerland were employed for validation 
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and discussion of UUCs’ roles for transition and resilience of the energy system (see section A.4.4 workshop programme, A.4.5 par-
ticipants list and A.4.6 summary of workshop results in appendix). 
Data analysis methods A qualitative literature analysis of scholarly literature on conceptualisations of incumbents and their agency 
in transitions studies, as well as on the characteristics of UUC from public corporate governance and network industries literature 
was conducted. An analysis of documents and regional structural data were carried out. Finally, a structuring qualitative content 
analysis of interview transcripts, based on framework-categories and explorative categories, was performed (characteristics, position 
in the sector, role for transition, role for resilience) (see section A.4.3 code scheme in appendix). 
Empirical case Urban utility companies in Germany and Switzerland 
Table 3-1: Overview on data bases and analytical methods employed in the individual publications 
 Publication 
1 
Publication 
2 
Publication 
3 
Publication 
4 
Publication 
5 
Publication 
6 
Data Basis 
Scholarly literature X   X X X 
Structural data X X X X X X 
Interview transcripts X X X X X X 
Group discussion results     X X 
Data analysis methods 
Qualitative literature analysis X   X X X 
Document analysis X X X X X X 
Structuring qualitative content analysis  X X X X X 
Mental model analysis  X     
Social network analysis   X    
Empirical Evidence 
Energy region bayerisches Allgäu   X X   
Energy region ökoEnergieland X X     
Energy region Energieregion Weiz-Gleis-
dorf X      
Network of change agents    X   
Urban utility companies in Germany 
and Switzerland     X X 
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 Empirical cases 
In this dissertation, three different empirical cases were employed in the context of the iterative theory building processes 
in the four modules. The cases are of different types, depending on the phenomenon under study, for which they stand for and range 
from the individual level (change agents) to the organisational level (urban utility companies) and the regional level (energy regions). 
The energy regions, presented in section 4.1, are considered as cases for socio-technical energy systems in mature sustainability 
transitions. Their transition process is thus in a mature phase but not yet completed. The change agent network, presented in section 
4.2, is a case for the phenomenon of agency in sustainability transitions in socio-technical energy systems. Likewise, the urban utility 
companies, presented in section 4.3, are considered as cases for incumbents in socio-technical energy systems in transition. And 
although all these empirical cases are embedded in a spatial and temporal context, they should not be confused with case study 
regions. 
4.1 Energy regions in Bavaria (Germany), Styria and Burgenland (Austria) 
The region bayerisches Allgäu is a region in southern Bavaria, which consists of four “Landkreise” (administrative districts): Ost-, 
Ober- und Unterallgäu and Lindau as well as three “kreisfreie Städte” (district-free cities) Memmingen, Kaufbeuren and Kempten, 
whereby Kempten is the regional center (see Figure 4-10 for the location of the bayerisches Allgäu in Bavaria)  
 
Figure 4-10: Location of the region bayerisches Allgäu in Bavaria, south-east of Germany (author’s own representation) 
The region bayerisches Allgäu is considered as one of the pioneering regions in the German energy transition process. In 2017, 
renewable energies account for 49% of final electricity consumption in the region (Bayerische Staatsregierung, 2017). Traditionally, 
hydro power and wood were used for energy production, since the rural region was mainly characterised by agriculture and early – 
small scale – manufacturing. First initiatives and foundations of associations for renewable energies were established already in the 
early 1990ies. Since then, the utilisation of new renewable energies, such as wind power, solar energy and biomass increased. The 
technologies were not just implemented but partly also developed regionally, due to the long tradition of engineering knowhow. The 
region bayerisches Allgäu is particularly known for the support and embeddedness of the energy transition process in the regional 
society. Countless small and middle-sized enterprises and citizen cooperatives are involved in the development and production of 
renewable energy technologies, storage technologies and services. They are supported by many associations who push for renewable 
energies in the region as well as by one core organisation, the Energie- und Umweltzentrum Allgäu (eza!), which acts as a catalyst 
and management entity or the regional energy transition process.  
The Energieregion Weiz-Gleisdorf is an association of originally 18 communes, which was founded in 1996 in order to foster the 
regional energy transition. Today, the network counts 12 communes and is institutionalised as “climate and energy model region”. 
Since 2007 the Energieregion Weiz-Gleisdorf is also an EU LEADER region. The Energieregion Weiz-Gleisdorf is located in Eastern 
Austria, in the “Bundesland” (state) of Styria with the major cities of Weiz and Gleisdorf (see red circle in Figure 4-11). The region has 
a long industrial and technology development tradition, which built the basis for the regional energy transition. Already in the late 
1980ies a first association for technology development of photovoltaics was founded, it was followed by the establishment of a 
research centre and the foundation of the energy region association. The local energy transition is supported by local mayors, who 
signed in 2010 an energy charter to become CO2 neutral by 2050. It is moreover linked to regional development (LEADER region 
endeavours). Finally, the regional energy transition and particularly the technology development for renewable energies is also sup-
ported by external research partners, who collaborate with the local research centre and provide additional technological knowhow. 
Apart from solar energy, the energetic utilisation of biomass for renewable energy and the development of several local district 
heating networks were major achievements in the local energy transition.  
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Figure 4-11: Localisation of the Energieregion Weiz-Gleisdorf and the ökeEnergieland Austria (author’s own representation) 
The ökoEnergieland is an association of 17 communes, founded in 2005, to join forces for regional development, in areas such as 
energy, tourism or mobility. The ökoEnergieland is located in south-eastern Austria, in the “Bundesland” (state) of Burgenland (see 
red square Figure 4-11). Since 2010 ökoEnergieland is also a “climate and energy model region”. The regional energy transition en-
deavours however already started in 1990, when the municipal council of Güssing decided to quit fossil fuels and the European Center 
for Renewable Energies (EEE) was founded in 1996. Since then, local actors continuously worked on the increase of renewable ener-
gies (mainly solar energy and biomass). Compared to the Energieregion Weiz-Gleisdorf the development was clearly focussed on the 
municipality of Güssing and expanded step by step (Hecher et al., 2016). The ökoEnergieland is a rural and peripheral region, which 
had its difficulties in regional development, however, the rich local energy resources (mainly biomass from agriculture - 48% of the 
regional surface - and wood - forest accounts for 42% of the regional surface) facilitated a regional energy transition and built the 
basis for a regional upwards trend. In ökoEnergieland the auto-sufficiency with local energy resources is one of the key transition 
goals.  
4.2 Change agents in Bavaria (Germany) 
The actor network of change agents, analysed in this dissertation, is located in the region bayerisches Allgäu. The change agents are 
working in diverse sectors: agriculture, forestry, energy production, waste management, regional development, the banking sector 
and regional politics or they were energy consultants or craftsmen (mainly electric installation and ventilation technologies). Most of 
them grew up in the region or are based there since decades, were trained as engineers and engaged themselves in volunteer work 
for the region and the energy transition process. The change agents can be considered decision makers with important positions as 
directors of companies or associations as well as policymakers. All change agents contributed over the last 20 years either to techno-
logical or social innovations in the context of the regional energy transition (e.g. research and development of new energy production 
and storage technologies, new financing models for renewables or new regional exchange platforms). Mostly, the change agents 
know each other personally and for a long time. Since most of them are also working in (several) voluntary positions, they are inter-
linked on multiple scales and link several social arenas already in their person (e.g. a craftsman who is leading an association and is 
also member of the city parliament). The change agents meet each other in multiple functions and constellations. The centre of the 
actor network represents the Umwelt- und Energiezentrum Allgäu (eza!) mentioned above, where all change agents are affiliated 
with, engaged or participate in different ways. Figure 4-12 provides a graphical representation of this network of change agents with 
its core organisation eza! as orange node.  
 
Figure 4-12: Network of change agents in the Allgäu region (author’s own representation) 
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4.3 Urban utility companies in Germany and Switzerland 
Urban utility companies (UUC) are large city-owned utility companies, which supply “their” city with critical public services (energy, 
water, waste management, mobility, telecommunication) and operate network infrastructures (distribution grids, gas and water net-
works, telecommunication or rail networks). Unlike large energy producers, which are focussed only on gas and electricity, they have 
a broader task portfolio (multi-utility). Unlike smaller utility companies, they operate not only the network infrastructure, but they 
also produce electricity and heat, trade energy and provide services on multiple scales (vertical integration). UUC are a particular 
phenomenon of federal energy governance systems with a bottom-up organisation and a high level of self-governance on the com-
munal/city level. In Germany, the energy sector has been liberalised step by step since 1998 in both, production and the retail domain, 
so that the UUC were corporatised (change of legal form from public to private company) and their former supply territory was 
dissolved. Nowadays, they act in a market-based and competitive environment as international energy and utility companies in Ger-
many and Europe, while still being owned by “their city”. In Switzerland, the electricity sector is only partly liberalised and households 
still have electricity and gas tariffs. The UUC in Switzerland still have regulated supply territories and most of them are organised as 
public firms or even departments of the city administration. In the context of this dissertation, the energy subdivisions of the following 
six UUC were analysed: Stadtwerke München GmbH (Munich), Rheinenergie AG (Cologne) and enercity (Hannover) in Germany as 
well as Elektrizitätswerke Zürich (Zurich), Services Industriels de Genève (Geneva) and the Industrielle Betriebe Basel (Basel) in Swit-
zerland. Table 4-2 provides an overview on the characteristics of the UUC analysed in this dissertation.  
Table 4-2: Characteristics of the six analysed urban utility companies (Mühlemeier, under review) 
Urban utility com-
pany 
Annual turn-over Foundation year Ownership struc-
ture 
Organisa-
tional 
form 
Business areas 
Stadtwerke Mün-
chen SWM  
6675 million Euro 
(without public 
transport and swim-
ming pools) (2017) 
1899 Städtische Elektrizitäts- und 
Gaswerke, 1939 Stadtwerke Mün-
chen, 1998 corporatisation.  
100% city of Mu-
nich 
Limited 
Company 
Electricity, gas, district 
heating, services (wa-
ter, telecommunica-
tion, public transport) 
Rheinenergie AG 
and Rheinenergie 
group (including e.g. 
trade)  
3647 million Euro 
(2016) 
1873 Gas- und Wasserwerke Stadt 
Köln, 1960 corporatisation, 2002 
Rheinenergie AG 
80% City of Co-
logne, 20 % Innogy 
Listed cor-
poration 
Electricity, gas, district 
heating, services (wa-
ter) 
Enercity AG  2101 million Euro 
(2017) 
1922 Städtische Betriebswerke, 
1970 corporatisation, 1996 ener-
city AG  
75 % city of Han-
nover, 24 % 
Thüga, 1 % region 
of Hannover 
Listed cor-
poration 
Electricity, gas, district 
heating, services (wa-
ter) 
Services Industriels 
de Genève SIG  
1065 million CHF 
(2017) 
1896 as municipal company of the 
city of Geneva, 1931 public com-
pany of the city, the canton and the 
other communes of the canton 
55 % canton of Ge-
neva, 30% city of 
Geneva, 15% com-
munes of the Can-
ton 
Independ-
ent public 
company 
Electricity, gas, district 
heating, services (wa-
ter, waste manage-
ment, telecommunica-
tion) 
Elektrizitätswerke 
Zürich EWZ  
0.859 million CHF 
(2016) 
1890 as department of the city ad-
ministration 
100 % City of Zur-
ich 
City ad-
ministra-
tion de-
partment 
Electricity, services, 
(telecommunication)  
Industrielle Betriebe 
Basel IWB  
0.727 million CHF 
(2016) 
1868 municipalisation of the gas 
supply, 1899 establishment of the 
electricity supply, 1908 separation 
of the electricity supply from water 
and gas, 1978 re-fusion in IWB  
100% Canton of 
Basel 
Independ-
ent public 
company 
Electricity, gas, district 
heating, services (wa-
ter, telecommunica-
tion) 

  
51 
 Results 
The subsequent chapter summarises the results of this dissertation, structured according to the four main research ques-
tions and the related modules. Each section of this chapter indicates the related publications, in which further information on the 
results can be found (see part B – publications). At the end of each section, the contribution of the module to the overall research 
aim is discussed in order to lay the foundation for the reflection on the integrated contribution of the modules in section 6.3. Finally, 
the results and their contribution to the overall research aim are again summarised in a concise overview box.  
5.1 Conceptualising and operationalising resilience of socio-technical energy 
systems in transition – An indicator-based approach  
Module 1 tackled the research question 1 “How to conceptualise and operationalise resilience of socio-technical energy systems in 
transition?”. The module’s full results are can be found in publication 1 (part B). 
5.1.1 Results module 1 (publication 1) 
Module 1 provides results on three levels: i) the conceptualisation of resilience in socio-technical energy systems in transition, ii) the 
operationalisation of the concept and iii) the interpretation of this operationalisation. 
Conceptualisation The resilience of a socio-technical system results from the co-evolution and interplay of the social and the tech-
nological sphere of the system. Throughout the transition process, the socio-technical system shows different levels and constella-
tions of its key characteristics diversity and connectivity. While going through the different phases of the transition, it always keeps 
a minimum level of diversity and connectivity in its social and technological subsystems to maintain its key abilities for resilience - 
stability and adaptive capacity. This conceptualisation of resilience in socio-technical energy systems in transition is based on three 
parts: First, the concept of a socio-technical system, which consist of entities and their links in parallel social and technological sub-
systems. Second, the concept of a transition, as a goal-oriented process with four phases of predevelopment, take-off, acceleration 
and stabilisation. Third, the concept of resilience thinking – derived from the adaptive cycle model – encompassing stability and 
adaptive capacity as the system’s most important abilities for resilience and diversity and connectivity as the key characteristics.  
Operationalisation For the analysis of resilience in socio-technical energy systems in transition, first, the concept of the social and 
technological subsystems was operationalised. The social subsystem was subdivided in social arenas (e.g. industry, media, politics, 
associations) which differ according to their way of organisation, communication and key actors. The technological subsystem was 
subdivided in technology groups, which group individual technologies for energy production (e.g. wind power comprises onshore and 
offshore wind plants of different sizes, hydro-power comprises run-over river power and pumped storage power plants). Second, the 
concept of resilience characteristics diversity and connectivity was operationalised by proposing an indicator set, applicable to both, 
the technological subsystem and the social subsystem. The indicator set operationalised the resilience characteristic diversity in va-
riety, balance and disparity and connectivity in average path length, degree centrality and modularity. In addition, measures for 
quantification were proposed for every indicator and every indicator was operationalised for the social and technological subsystem. 
Table 5-3 and Table 5-4 summarise the six indicators, the related measures and operationalisations for the social and the technolog-
ical subsystems.  
Table 5-3: Indicator set for diversity and its related measures and operationalisation for socio-technical energy systems (Binder et al., 2017) 
Diversity 
Indicator 
Definition Social System  Technical System 
Variety  Category count N Operationalisation: Number of types of social 
arenas present in the regional energy govern-
ance structure 
Role for resilience: Higher adaptability and 
stability through integration of different 
views and perspectives 
Operationalisation: Number of groups of 
technologies present in the local energy 
production system 
Role for resilience: Integration of different 
technologies, basis for flexibility and adapt-
ability 
Balance Shannon evenness 
ܵ = − ෍ ݌௜ ln(݌௜)݈݊ܰ௜
 
Shannon Weaver (includes variety) 
Operationalisation: Number of actors per so-
cial arena in comparison to overall number of 
actors 
Role for resilience: Indicator for stability, ef-
ficiency, flexibility 
Operationalisation: Share of technology 
groups in overall energy production  
Role for resilience: Shows how much the re-
gion relies on one energy technology group 
(energy portfolio) 
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ܵ = − ෍ ݌௜ ln(݌௜)
௜
 
Disparity 
 
Di= f (dij)  
f(dij): function of distance in disparity 
space between categories i and j 
Operationalisation: Qualitative differentia-
tion between arenas  
Role for resilience: Determines stability, 
transaction costs and flexibility  
Operationalisation: Qualitative differentia-
tion between technologies 
Role for resilience: Diverse technologies – 
basis for adaptability to uncertain external 
shocks 
 
Table 5-4: Indicator set for diversity and its related measures and operationalisation for socio-technical energy systems (Binder et al., 2017) 
Connec-
tivity indi-
cator  
Definition  Social System  
  
Technical System  
Average 
Path 
Length  
Average path length 
݈ீ = ݅ > ݆݈(݅, ݆)݊(݊)(݊ − 1)ଶ 
with average path length in the network being the arith-
metical mean of all the distances.  
݈ீ =
1
݊(݊ − 1) ෍ ݀௜௝௜ஷ௝  
Operationalisation: Number of steps it 
takes to reach other actors from other 
arenas along the shortest path.  
Role for resilience: A shorter path length 
facilitates the sharing of knowledge and 
experience.  
Operationalisation: Length 
of the transmission lines be-
tween production and con-
sumption sites. 
 Role for resilience: A shorter 
path length speeds up the 
propagation of harmful sup-
ply perturbations.  
Degree  
Centrality  
Degree Centrality  
ܥ஽(݊௜) = ݀(݊௜) = ෍ ݔ௜௝ = ෍ ݔ௝௜ 
The degree centrality of a node is calculated by sum-
ming up the connections that a node has to other com-
ponents in the network. One can distinguish between in- 
and out-degree centrality. 
The Average Degree, which is an indicator of the overall 
density of the network, can be defined as: 
݀̅ =  ∑ ݀(݊௜)
௚
௜ୀଵ
݃  
 
Operationalisation: Number of connec-
tions of actors within one arena to ac-
tors in other arenas in comparison to 
overall possible number of connections.  
Role for resilience: A higher centrality 
reflects a higher coordination power.  
Operationalisation: Number 
of connections to other pro-
ducers or / and consumers in 
the distribution network. 
Role for resilience: High de-
gree centrality, Nodes repre-
sent intervention points.  
Modular-
ity  
  
Modularity Index  
ܳ = ෍ (݁௜௜ − ܽ௜)ଶ௜  
Where eii is the fraction of edges in the network be-
tween any two nodes in the module i, and ai the total 
fraction of links originating from it and connecting nodes 
belonging to different ones.  
 
Operationalisation: Measure of the ten-
dency of actors from different arenas to 
form subgroups, which are detached 
from the rest of the network.  
Role for resilience: Higher modularity in-
creases the creation of new ideas within 
partially secluded subgroups.    
Operationalisation: Measure 
of autonomy of certain parts 
of the distribution network  
Role for resilience: Higher 
modularity allows an auton-
omous functioning of parts 
of the system (islanding).  
 
Interpretation The meaning of different indicator constellations for the resilience of the energy system in transition was discussed 
against the four proposed ideal-type cases: case a) high diversity and high connectivity represents a resilient system in successful 
transitions, case b) low diversity and low connectivity represents a non-resilient system, which is locked-in or stuck in transition, case 
c) high diversity and low connectivity represents a partly resilient system, which is undergoing transition, most probably in the early 
phase of a transition and finally, case d) low diversity and high connectivity represents a partly resilient system, which might by 
stabilised at the end of the very beginning of a transition.  
5.1.2 Contribution to the dissertation’s overall research aim 
Results from module 1 contribute on four levels to the overall research aim of the dissertation: First, the developed understanding 
of resilience for socio-technical systems in transitions, which requires the balance between stability (robustness) and flexibility (adap-
tive capacity and transformability) in order to maintain the resilience over the course of a transition. It builds a conceptual basis to 
understand system functionality in the context of mature transitions. In the mature phase of a sustainability transition, especially 
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critical infrastructure systems such as the energy system need to remain functional while integrating new technological and social 
solutions on the large scale (e.g. supply security while increasing the share of renewable energies). Stability and flexibility are sub-
stantial in order to manage this balancing act and allow for continued transition dynamics without endangering the functionality of 
the energy system.  
Second, the proposed indicator set for diversity and stability allows to analyse the system configuration for system functionality, 
conceptualised as the balance of stability and flexibility. A high diversity of energy production technologies can only operate in a 
secure manner if they are connected, either to the overall system (e.g. the grid which is highly connected) or among themselves on 
a local level (e.g. on the household or quartier level). The qualitative differences of the technologies can be balanced through their 
connection to other technologies (e.g. base or peak load or different resource bases). The indicator set allows to analyse the diversity 
and connectivity of the existing system, uncovers potential mismatches and helps to design the system in such a way that it allows 
for both stability and flexibility.  
Third, the proposed indicator set describes both the social and the technological sphere of the system, employing the same 
measures. This allows to directly compare the social and the technological system structure. The functionality analysis can be done 
separately, but also in an integrated manner, by analysing feedbacks and interferences among the two spheres (e.g. the social system 
is dominated by a few and well connected actors, who are highly connected and might explain why the diversity of the technological 
system is also rather low). Due to its theoretical foundation, the proposed indicator set is not case specific but of general validity and 
thus allows for comparisons between different cases.  
Finally, by means of the four proposed ideal-type cases A – D, which represent theoretical indicator constellations for different levels 
of diversity and connectivity, certain system configurations are linked to specific transition phases (e.g. in the predevelopment phase, 
the diversity is low but increases over the course of the transition, when new technologies and actors enter the system). The cases 
exemplify how system configurations may be linked to transition dynamics and progress. Diversity and connectivity levels in both the 
technological and the social subsystems can be used as a basis to position the system within the transition process. They also allude 
to potential deficits for the further transition progress.  
In conclusion, module 1 facilitates the empirical analysis of energy systems’ resilience and decisively enriches the understanding of 
system functionality as well as its development over the course of a transition. This contributes to theory building on energy systems 
in mature sustainability transitions. 
 
Key findings  
• Resilience of socio-technical energy systems in transition can be conceptualised in two key system abilities (stability and 
adaptive capacity) and two key characteristics (diversity and connectivity).  
• For analysing the resilience of a socio-technical energy system in transition, diversity and connectivity can be operatios-
nalised with two indicator sets, comprising indicators and measures for variety, balance and disparity (diversity) and 
average path length, degree centrality and modularity (connectivity).   
• Socio-technical systems can be conceptualised as complex systems with social and technological subsystems, which can 
be operationalised in social arenas (social subsystem) and technology groups (technological subsystem). 
• The resilience of a socio-technical energy system in transition results from the co-evolution of the social and technologi-
cal subsystems and the maintenance of a minimum level of diversity and connectivity throughout the transition process.  
Contribution: Module 1 provided a theoretical understanding of resilience for socio-technical energy systems in transition 
and how it can be operationalised equally for the social and technical sphere through an indicator set for diversity and con-
nectivity. This indicator set could be applied to analyse the system configuration of a socio-technical energy in transition. 
Through its basis on the resilience concept it moreover facilitateed the understanding of how the socio-technical system con-
figuration supports system functionality and how it is related to the transition dynamics. 
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5.2 Empirically applying and discussing the indicator set for resilience of so-
cio-technical energy systems in transition – Empirical evidence from en-
ergy regions in Austria and Germany  
Module 2 tackled the research question 2 “How to empirically analyse the resilience of socio-technical energy systems in transition?”. 
The module’s full results can be found in publication 2 and 3 (part B).  
5.2.1 Results module 2 (publication 2 and publication 3) 
Module 2 provides results on three levels: i) empirical findings from the analysis of the social and technological system configuration 
of two energy regions in transition over the course of a transition as well as for one point in the mature phase of the transition, ii) 
the presentation of different qualitative and quantitative methods and data bases for the empirical application of the indicator set 
and iii) reflections on the benefits and difficulties of the empirical application of the prosed indicators set.  
Empirical analysis The empirical analysis of the resilience of socio-technical energy systems in transition was conducted for two case 
study regions – first, a longitudinal study of the Energieregion Weiz-Gleisdorf (publication 2) and second, a cross-sectional study of 
the region bayerisches Allgäu (publication 3).  
Over the course of the four phases of the sustainability transition, the energy system of the Energieregion Weiz-Gleisdorf showed an 
enormous increase of the diversity of the technological subsystem from low to high levels and a slightly increasing connectivity on 
medium levels. The social system however was characterised by a constant high to medium level of diversity and a decreasing con-
nectivity from high to medium levels (see Figure 5-13)  
  
Figure 5-13: Results for diversity and connectivity indicators over the four transition phases in the Energieregion Weiz-Gleisdorf (Wyss et al., 2018) 
In the Energieregion Weiz-Gleisdorf, the social subsystem involved the social arenas politics, industry, associations and research, 
which remained constant over the course of the transition (variety = 4). Media was only perceived as an important social arena in 
the take-off phase. These social arenas were characterised by high qualitative differences (e.g. the industry arena was organised 
based on market logics, the politics arena based on hierarchy and the associations arena based on networks, (see Table 5-5)), which 
resulted in a constant high disparity. The balance of the social arenas was at the beginning high, with no arena being perceived as 
dominant. Over the course of the transition, the balance decreased, since the industry and the politics arena included more actors, 
which were perceived as important for the social system. The average path-length of the social system was at the beginning of the 
transition very low: all actors knew each other. Over the subsequent transition phases it increased and new actors were involved. At 
the beginning, the politics arena was decisively more connected to the other arenas as any other and had the highest degree central-
ity. Over the years, the industry arena became well connected, too, so that the overall degree centrality developed from high to 
medium levels. Finally, the modularity was at the beginning low and increased over the course of the transition to mediums levels, 
since more and more project-based collaboration emerged, which did not involve the entire actor network.  
HIGH
MEDIUM
LOW
TECHNOLOGICAL SUBSYSTEM
Diversity Connectivity
HIGH
MEDIUM
LOW
SOCIAL SUBSYSTEM
Diversity Connectivity
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Table 5-5: Disparity of social arenas in the Energieregion Weiz-Gleisdorf (Wyss et al., 2018) 
Social 
Arena 
 
Charac- 
teristics 
Industry Associations Research Politics Media 
Core Actors 
Energy producers, 
cooperatives, con-
struction and pro-
duction firms  
Regional energy asso-
ciations, LEADER 
groups, Industry asso-
ciations 
Regional innovation cen-
tre, Universities, research 
institutions, Research de-
partments in firms 
Municipalities, the 
provinces, the EU Regional newspaper 
Coordination 
of Actors Market Network Network Hierarchy Market 
Main Goals 
within the Are-
nas 
Investing in renew-
ables, providing en-
ergy and energy-re-
lated products 
Coordinate and repre-
sent regional actors, 
provide funding, inte-
grate external actors 
Developing and testing of 
new technologies, intro-
ducing new knowledge in 
the region 
Regulating, subsi-
dizing, investing in 
energy plants / re-
search projects 
Informing the public, 
opinion building on po-
litical decisions and ob-
served behaviour in in-
dustry 
Time Horizon 
for Activities Medium-term Long-term Medium-term Short-term Short-term 
Spatial Refer-
ence of Actors Local–international Local–regional Regional -national 
Local—interna-
tional Local–regional 
 
At the beginning of the transition in the Energieregion Weiz-Gleisdorf the technological subsystem involved only one technology 
(hydropower), variety was thus low at 1. So were balance and disparity. Over the course of the transition, variety increased decisively 
in the acceleration phase to 9 (respectively 10) production technologies, among which wind, photovoltaics, solar and waste heat. The 
Shannon weaver index increased from 0 and 0,01 to 0,8 in the acceleration phase (see Figure 5-14). Accordingly, the disparity in-
creased, since very different technologies entered the system (for an overview on the disparity of the five most important technolo-
gies, see table 5-6). The diversity of the technological subsystem increased decisively over the course of the transition, due to the 
regional evolution of new renewables. The connectivity in the technological subsystem was low at the beginning. The centralised 
electricity grid had high path-length and no modularity, while in the heat system there were both highly centralised grid-bound 
technologies (e.g. gas) and off-grid technologies (e.g. wood, oil). Over the course of the transition, the level of connectivity increased 
to medium levels: in the heat system the amount of grid-bound solutions increased with the establishment of district heating and 
the level of centrality in the electricity grid decreased slightly with meshing endeavours on the medium voltage level.  
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power 
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heat 
Energy 
conversion 
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weather 
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Medium Medium Me-
dium 
High High 
Costs 
(cent/kWh) 
15.6-17.8 13.5-21.5 12.2 7.8-14.2 22 
Figure 5-14: Results for technical balance, Energieregion Weiz-
Gleisdorf (Wyss et al., 2018)  
 
Table 5-6: Results for technical disparity Energieregion Weiz-Gleisdorf 
(Wyss et al., 2018) 
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In the current phase, the socio-technical energy system of Weiz-Gleisdorf therefore shows a mixed indicator constellation of high 
diversity and medium connectivity. This alludes to the ideal-type indicator constellation of case C (see module 1) and indicates that 
the system has a medium overall resilience and is seemingly in an intermediary phase of transition, possibly at the brink of stabilisa-
tion towards a fully renewable energy system.  
Similar findings were derived for the region bayerisches Allgäu. The study of the current structure of socio-technical system showed 
that the social subsystem consists of the same arenas: politics, associations, industry (energy and non-energy industry), research and 
media (variety = 5). This results in a medium to high level of variety and related disparity. The balance is medium, since most actors 
are involved in associations. Results of the social network analysis showed that the averaged path-length is 2,9 and thus at medium 
levels. Centrality measures are also at medium levels, with one association and several politicians identified as actors with high degree 
centrality (see Figure 5-15). The modularity was medium, with 7 identified modules, whereby almost every module included actors 
from all social arenas.  
 
Figure 5-15: Results for social network analysis, degree centrality of social subsystem in the Allgäu region (Mühlemeier et al, 2017) 
The technological subsystem was characterised by a high level of variety (hydro power, photovoltaics, wind power, combined heat 
power, biomass heat, solar heat and heat pumps, variety = 7). Accordingly, the disparity was also high. The total balance of renewa-
bles was rather low (only 36% of the electricity consumed in the region was produced from renewables and 5 % of the heat demand), 
the relative balance among the renewables was medium, since the regional shares were more balanced. Regarding the connectivity, 
the results were more ambivalent. The average path-length on the high-voltage level of the grid was low, whereas on the low-voltage 
level, path-lengths are high, with similar results for the gas grid. The district heating, however, has low path-lengths due to the danger 
of transportation losses. Centrality is likewise high for the electricity and the gas grid, for which modularity is low (no modules possi-
ble). In the overall heat system however, modularity is high, since the individual heat technologies are not connected, in contrast to 
the electricity grid. For an overview on the results see table 2 and table 3 in publication 3. In conclusion, the level of social and 
technological diversity in the region bayerisches Allgäu is very high, whereas social and technological connectivity are at medium 
levels. These findings likewise allude to case C, medium resilience and intermediary phase of the transition.  
The comparison of the two regions shows that they are currently both characterised by high levels of diversity and medium levels of 
connectivity, which indicates that they are in an intermediate phase of the transition. Interviewees in the Allgäu region perceived 
that the transition dynamics decreased decisively in this later phase of the transition and almost came to a halt. In order for the 
transition to continue successfully and keep up the transition dynamics, higher levels of connectivity are required in the social sub-
system (include more and divers actors, also opponents), as well as in the technological subsystem (allow for more modularity in the 
electricity grid as well as sector and grid coupling). At the same time, the high level of diversity – especially in the technological 
subsystem - needs to be managed carefully to maintain system functionality. Local modular grids with disperse technologies (com-
plementary but also redundant) could for example decisively help to maintain the overall systems resilience, while still catering for a 
high level of diversity. Finally, the comparison of the two cases showed an equal indicator constellation for the mature phase of the 
transition and similar problems regarding the transition dynamics. Based on these two cases, we derived a first pattern, which is 
however not representative. Further empirical analyses based on the proposed indicator set would be very valuable to build a solid 
basis for understanding system configuration patterns in mature sustainability transitions, which would then facilitate related theory 
building.  
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Methods and data bases The following data bases and research methods are proposed for the empirical application of the indicator 
set, developed in module 1. For the technological subsystem, structural data on the regional energy production (existing plants, their 
installed capacity and degree of efficiency) or data from a regional energy flow analysis are recommended as well as maps or quan-
titative data tables in relation to the regional electricity and heat network structures. This data basis allows to calculate the proposed 
measures for the diversity and connectivity indicators, except for disparity, which requires a qualitative evaluation of the differences 
among the technology groups (see table 5-6).  
For the analysis of the social subsystem, a full sample social network analysis would be an ideal quantitative equivalent for the data 
from the energy flow analysis. However, such an analysis is very time-consuming and resource-intensive. Thus, module 2 proposes 
different, qualitative and semi-quantitative methods for analysing the social subsystem. As a data basis, interview transcripts of semi-
structured expert interviews and documents on the regional energy governance system were utilised. In publication 2, the analysis 
of the interview transcripts and documents was enriched with mental model analyses (explained in section 3.3.2). This approach 
allowed to triangulate the results from the interview transcripts and to aggregate the individual perceptions to reach intersubjective 
comparability of the results (see Figure 5-16). In publication 3, the qualitative data basis was quantified and analysed with a social 
network analysis approach (also explained in section 3.3.2). The social network analysis results in quantified data for the social sub-
system, comparable to the quantitative data of the technological subsystem and thus facilitates comparability within, but also across 
cases.  
The two approaches provide an innovative and efficient way to analyse the indicators for the social subsystem (over time), without 
having to carry out (several) full sample social network analyses. The data basis for the technological and the social subsystem, how-
ever, differ in their characteristics (technical data = secondary panel data, social = primary cross-sectional data). Publication 2 shows 
how the system transition analysis, nonetheless, can be conducted in a coherent way for the social and the technological subsystem 
by dividing the transition process in periods and taking measures at representative points in time. Module 2 provides important 
findings on how to apply the indicator set in concrete empirical analyses.  
  
Figure 5-16: Results for mental model analysis of social system in Energieregion Weiz-Gleisdorf (Wyss et al., 2018) 
Reflections on benefits and difficulties Module 2 provides important findings on the reflection of benefits and difficulties of the 
empirical application of the indicator set. The indicator set provides a very valuable toolkit for practitioners in policy making and 
regional planning to achieve a holistic system understanding of their region and a rich basis for strengthening its resilience throughout 
the transition process. At the same time, there are some difficulties in applying the indicator set in a fully quantified manner based 
on empirical analyses. The need for a rich data set, the qualitative differences of social and technological data mentioned above as 
well as different system boundaries for data collection (social = regional, technological = states level or national) complicate the 
analysis. On the other hand, the different quality of the indicators – connectivity indicators cannot simply be added up as an index – 
as well as the lacking consideration of supra-regional influence factors and actor-level determinants posed additional difficulties in 
the interpretation of the results. For a more detailed description of the empirical analysis in the region bayerisches Allgäu see the 
additional publication 1 (in German) in appendix (section B.1). For a more in-depth reflection on the methodological implementation 
of the indicator-based empirical analysis of resilience in socio-technical energy systems and a discussion of their application to the 
tourism sector see the additional publication 2 (English) in appendix (section B.2).  
Results 
58 
5.2.2 Contribution to the dissertation’s overall research aim 
Results from module 2 contribute on four levels to the overall research aim of the dissertation.  
First, they provided rich empirical insights on the development of the indicators over the course of a sustainability transition in the 
social and technological sphere of the system. Based on two cases studies, they also provide examples for the system structure in 
the mature phase of a transition. Although the results do not yet build a representative empirical evidence base, they show the same 
trend in both case study regions: the diversity of the technological system increases decisively while its connectivity is not changing 
at the same pace. The social diversity remains rather high, while the connectivity decreases. These results build the basis for a first 
understanding of system structure in mature transition phases and pave the way for future analyses, which would underpin deeper 
theory building. 
Second, the results provide empirical evidence for the reflection on the interrelatedness of system structure and system function-
ality on the one hand and transition dynamics on the other hand. The results show that especially the production structure of the 
technological system has changed decisively, while its functionality has not been endangered. The empirical case of the electricity 
grid alludes to the fact that the multi-scalar connectivity of the electricity grid plays a key role in maintaining the system’s functionality 
by compensating for fluctuations due to the changes in the production structure on the local level (e.g. volatilities, overproduction 
and shortages could be balanced off). The empirical evidence refines the understanding of system structure for functionality in ma-
ture sustainability transitions, by showing the importance of multi-scalar connectivity. The empirical evidence on the social subsys-
tem’s structure, in turn, shows that the actor network pushing the sustainability transition is indeed divers, however certain social 
groups are not represented (e.g. NGOs, schools or churches) and the overall amount of actors is still relatively small. Related thereto, 
the actor network is well connected among the eganged individuals, however it lacks connectivity to the wider society. (Lacking) 
diversity and connectivity of the actor network are both structural explanatory variables for the perceived stagnation in the transition 
dynamics (obviously external variables such as policy changes are also relevant).  
Third, module 2 presents and discusses different qualitative and quantitative methods, which facilitate the empirical application of 
the indicator set for both subsystems and supports the empirical analysis of system structures in mature sustainability transitions. 
On the one hand, the explorative and descriptive analysis of publication 2 allowed to generate rich insights on the changing system 
structure. On the other hand, the quantified and more standardised analysis in publication 3 allowed to obtain a different perspective 
and complementary insights on the system. By this, module 2 presents a rich set of methods to analyse system structure, which 
supports future research and further theory building endeavours on mature sustainability transitions. In conclusion, module 2 pro-
vides rich empirical evidence and proposes a set of qualitative and quantitative methods for the analysis of social and technological 
system structures over the course of a sustainability transition. It empirically underpins the understanding of system structures in 
mature transition studies and paves the way for future theory building.  
Key findings 
• Over the course of the sustainability transition, the energy system of the Energieregion Weiz-Gleisdorf showed a decisively 
increasing diversity of the technological subsystem from low to high levels and a slightly increasing connectivity on me-
dium levels. The social system was characterised by a constant high to medium diversity and a decreasing connectivity 
from high to medium levels. In the later phase of their transition, the Energieregion Weiz-Gleisdorf and the region bayer-
isches Allgäu both showed high diversity and medium connectivity and can thus be considered as systems in an interme-
diary phase of the transition, possibly at the brink of stabilisation of the renewable energies regime.  
• A mixed methods approach, using quantitative data on the regional energy production for the technological subsystem 
and qualitative data for the social subsystem, provided a good approach for the exploration of the rich empirical data 
basis.  
• Social network analysis as well as mental model analyses provided innovative methodological approaches for an efficient 
and less resource intensive, semi-quantitative analysis of the social subsystem and could be linked to an energy flow 
analysis for the technological subsystem. 
Contribution Module 2 provided empirical insights from the application of the indicators set to the social and the technical 
sphere of two regional energy systems and their comparative analysis. Module 2 furthermore presented a set of methods for 
the qualitative and quantitative analysis of the indicators. It gave examples for the empirical analysis of the theoretical consid-
erations from module 1, empirically underpinned them and supported theory building on system functionality in mature sus-
tainability transitions. 
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5.3 Advancing the analysis of agency in sustainability transitions of socio-
technical energy systems – Application of the HES framework to change 
agents in a regional energy transition 
Module 3 tackled the research question 3 “How to improve the systematic analysis of agency in sustainability transitions of socio-
technical energy systems?”. The module’s full results are can be found in publication 4 (part B). 
5.3.1 Results module 3 (publication 4) 
Module 3 provides results on three levels: i) re-conceptualisation of the HES framework for the analysis of agency on socio-technical 
energy systems in transition, ii) results from the empirical application of the adapted framework and iii) propositions for linking it to 
the multi-level perspective of sustainability transitions (MLP) (Geels, 2002) to facilitate its integrability in transition studies.  
Re-conceptualisation The re-conceptualisation of the human-environment systems (HES) framework for socio-technical energy sys-
tems promotes the conceptualisation of agency as embedded in and interacting with a complex systemic environment and combines 
the actor-level perspective as well as the system-level perspective on agency. It conceptualises agency as a function of actor-level 
determinants (goal and strategy) and system-level factors (environment perception). Actions influence the environment and cause 
short- and long-term feedbacks, which are evaluated again by the actors and cause learning effects. These evaluations and learning 
processes, finally, influence the individual goals and strategies for future actions. The HES framework conceptualises the systemic 
environment of actors as multi-level environment, where interferences between the levels might occur and supplementary interact 
with the actors (see Figure 5-17).  
 
Figure 5-17: HES framework – reconceptualised for socio-technical systems in transition (author’s own representation) 
In module 3, the re-conceptualisation of the HES framework for socio-technical systems was done in two steps: First, expanding the 
environment understanding, including technological aspects and conceptualising the ecological sphere as integrated in the techno-
logical sphere (which is the common system conceptualisation in socio-technical systems literature). Second, conceptualising multiple 
levels in the technological sphere, equivalent to those of the HES framework: from individual, to organisation and society, respectively 
from technological components, to artefacts and technology groups (for an overview table see publication 4).  
Empirical application The exemplary empirical application was done through an analysis of a network of change agents and their 
socio-technical environment in the region bayerisches Allgäu. This application provided insightful findings on influence factors and 
effects of individuals’ agency in systemic transitions. The empirical study revealed key individual goals (e.g. technology development 
for renewable energies, and regional business development, based on ecological convictions) and strategies (e.g. expand and dis-
seminate knowledge and knowhow, form strategic alliances, mobilise regional capital for independency) which were similar or over-
lapping for all change agents (see Figure 5-17). It presented findings for the environment feedbacks perceived by the actors and their 
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related evaluations. Positive factors were perceived e.g. in the positive reinforcement from the network of change agents, the sup-
port from regional organisations and the wider regional society, whereas negative factors were seen in media reports on early tech-
nology failure or the lacking feedback and difficulties to hand over to the next generation (see Figure 5-18). The study also alluded to 
interferences among system-levels (e.g. the negative effect of the conservative energy policies on the state level or lobbyism of large 
energy companies, whereas the national policies where perceived as rather supportive) and individual learning processes (e.g. focus 
on the regional scale and reduce the voluntary engagement). The empirical application of the reconceptualised HES framework, thus, 
revealed insightful findings on the network of change agents and key determinants of their agency. The application moreover proved 
the frameworks’ applicability and added-value for the study of agency embedded in the systemic context and provided an example 
for a systematic, framework-based agency analysis in the context of sustainability transitions. 
 
Figure 5-18: Strategies and perceptions of change agents in the Allgäu region (author’s own representation – not published) 
Integrability: Module 3 finally proposed a linkage of the re-conceptualised HES framework to the MLP, to combine its individual 
psychology background with the sociological background of the MLP and conceptually further develop the systematic analysis of 
agency in sustainability transitions. In this context, the HES concept of multiple hierarchical levels and interferences among them was 
linked to the structuration levels and their interactions in the MLP (see Table 5-7).  
Table 5-7: Social levels and related regulation levels of the HES assigned to structuration levels of the MLP 
HES framework Regulation mechanisms MLP Structuration level 
Individual, Organisation Individual norms, values, 
goals 
Niche Little structuration, hardly institutionalised ac-
tor networks, independency from the main-
stream regime logic, fast changes 
Institution, society Nationally shared legal, eco-
nomic, political and cultural 
practices 
Regime  Dominant rules, norms, regulations on how 
politics, markets or the energy supply works, 
slow changes 
Supra-national level Supranational values and vi-
sions (e.g. human rights)  
Landscape Fundamental values, world views, long-term 
trends, very slow changes 
 
Based on an iterative theory building process, module 3 provided important findings for the advancement of a systematic agency 
analysis in the context of sustainability transitions and gave an empirical example of its application. It emphasised the importance of 
the actor-level and showed the complexity of determinants of agency in the context of sustainability transitions. The findings of 
module 3 build the conceptual basis for the in-depth analysis of incumbent agency in module 4.  
5.3.2 Contribution to the dissertation’s overall research aim 
Results from module 3 contribute on three levels to the overall research aim of the dissertation:  
First, with the adaptation and operationalisation of the HES framework to the context of socio-technical systems, module 3 provides 
a comprehensive framework to analyse agency, embedded in its systemic socio-technical context within sustainability transitions. 
It allows to comprehensively analyse individual’s agency, which is of great value for the better understanding of key dynamics and 
structures of energy systems in mature sustainability transitions. For this, three conceptual components of the HES framework are 
important: i) The conceptualisation of the interlinkage among individual’s agency and systemic changes: agency causes systemic 
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feedbacks (short-term and long-term) on multiple systemic levels, which are again perceived and evaluated by the actor and influence 
the individual’s agency through learning effects, ii) the complex system understanding comprising multiple levels, their interferences 
and different feedbacks over time iii) the actor-level determinants of individual’s agency (goals, strategies, perceptions and evalua-
tions as well as learning processes), which explain how agency is not only driven by systemic but also by actor-level influence factors. 
This conceptualisation helps to explain how individual’s agency and systemic changes are interlinked, provides an analytical heuristic 
to understand how transition dynamics are driven by individual’s agency and supports theory building on transition dynamics in 
(mature) sustainability transitions.  
Second, module 3 connects the adapted HES framework to the MLP through the linkage of the individual socio-technical levels and 
regulatory mechanisms of the HES to the structuration levels of the MLP. This supports a more explicit analysis of interferences and 
especially of social interferences, which are less clearly defined in the HES framework, but well developed in the MLP. The conceptu-
alisation of actor-level determinants of agency, a key element of the HES framework, in turn, is not part of the MLP. The linkage of 
the MLP and the HES framework allows, for example, to conceptually understand the influence of policy changes or societal opinions 
for individual’s agency, as well as to grasp the effect of agency on the different levels and in the different spheres of the system in 
transition (e.g. the establishment of a new organisation, a new power plant or the development of new technology). This linkage 
facilitates more analytical accuracy and clarity on the complex interrelations of socio-technical systems in sustainability transitions 
and supports theory building on determinants of agency as well as the influence of agency on the transition progress. 
Third, module 3 also provides empirical insights on individual’s agency in the context of sustainability transitions from the point of 
view of change agents in the Allgäu region. On the one hand, the results show determinants of their (successful) agency, such as the 
embeddedness in a highly connected and divers actor network, with strongly overlapping but still divers goals and strategies, com-
bining a conservative mind-set with the openness for new solutions and finally a strong embeddedness in the local context and 
established structures. The change agents e.g. aimed at maintaining the regional value creation by developing social and technolog-
ical solutions for regional renewable energies and connect them to the existing system. On the other hand, the results also show the 
change agent’s evaluation of (negative) systemic feedbacks in the mature phase of the transition and their way of learning how to 
adapt their agency and reduce their efforts to push the regional energy transition. Module 3 herewith provides empirical evidence 
to reflect on the (difficult) role of “pioneers” or so called “challengers” in mature sustainability transitions.  
 
Key findings 
• Re-conceptualisation of the HES framework for socio-technical systems promotes the advancement of systematic analysis 
of agency embedded in the systemic context, considering system- and actor-level determinants as well as systemic feed-
backs of agency.  
• Re-conceptualisation of the HES framework was done through an expanded understanding of the systemic environment 
(social, technical and environmental) and conceptualisation of hierarchical levels for the technological subsystem. 
• Exemplary empirical application proved suitability and usefulness of the framework. 
• Empirical analysis of change agents in the region bayerisches Allgäu showed shared goals and strategies among the agents, 
evaluations of positive and negative feedbacks on different hierarchical levels and interferences among them as well as 
learning processes of the change agents.  
• Integrability of re-conceptualised HES framework in transition studies context is possible through a linkage of its hierar-
chical levels to the structuration levels of the MLP.  
Contribution: Module 3 presented a framework for understanding individual’s agency, embedded in the systemic context, 
whereby the system influences the behaviour of the actors and their agency, in turn, influences the system in which they are 
embedded. This framework is based on a rich system understanding and focuses particularly on the actor-level determinants 
of individual’s agency. Module 3 applied the framework to the empirical case of change agents in a regional energy transition. 
In doing so, it provided a conceptual and empirical contribution to better understand individual’s agency embedded in and 
interacting with its systemic context as one key driver of transition dynamics. 
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5.4 Improving the understanding of incumbents in sustainability transitions 
of socio-technical energy systems – Empirical exploration and theoretical 
conceptualisation of urban utility companies in Germany and Switzerland 
Module 4 tackled the research question 4 “How to improve the empirical and theoretical understanding of incumbents’ diversity and 
roles in sustainability transitions of socio-technical energy systems?”. Full results can be found in publication 5 and 6 (part B). 
5.4.1 Results module 4 (publication 5 and publication 6) 
Module 4 provides results on three levels: i) the empirical exploration of urban utility companies (UUC) in the context of the energy 
transition, ii) the conceptualisation of analytical categories for public incumbents in network industries and iii) the re-integration of 
these categories in the triple embeddedness framework and the wider transition studies context.  
Empirical analysis The empirical exploration of UUC in Germany and Switzerland, carried out in module 4, was based on the triple 
embeddedness framework (TEF) by (Geels, 2014). The TEF conceptualises firms as embedded on three levels: the industry regime, 
the economic task environment and the socio-political environment. The TEF explains (incumbent) firms’ behaviour in sustainability 
transitions as strategic answers to external pressures from these different levels (for a more detailed explanation see publication 6). 
In order to carry on the integrated agency concept, developed in module 3, the empirical analysis was complemented by an explora-
tion of the UUCs’ characteristics (actor-level determinants of agency) and their role for the transition process (feedback of agency to 
the system transition). 
Key characteristics of UUC can be summarised in local public ownership, being a multi-energy and multi utility company (horizontal 
integration) as well as network operator and producer (vertical integration), being embedded in market and monopoly logics and 
facing diverging expectation from the owner (see Figure 5-19).  
 
Figure 5-19: Characteristics of urban utility companies (author’s own representation based on (Mühlemeier, 2018)) 
Challenges they face can be subdivided in global challenges, which are also true for other actors in the energy sector (e.g. liberalisa-
tion, decentralisation, decarbonisation, digitalisation) and specific challenges, which result from their characteristics (e.g. diverging 
regime logics between monopoly and market, mismatching owner expectations or the overlap of administration and entrepreneurial 
mind-sets). Strategic answers they gave can be grouped in the areas of adaptation (e.g. organisational change for competition - 
establishment of innovation department; or mind-set change, higher qualified and more diverse job profiles) but also valorisation of 
their characteristics (e.g. using multi-energy for sector coupling and related product development or their proximity to politics and 
society for framing or product development) and stability (e.g. re-focussing on the local context, the connection to politics, empha-
sising their role for system stability and public services). Regarding their role for the system transition, key findings can be again 
subdivided in two areas, their role for the system in transition (e.g. guarantee local supply security, public services, stable local reve-
nues) and the transition process itself (e.g. invest locally and internationally in renewables, support technology development and 
local pilots, implement network adaptation). Finally, their roles can be summarised as them being “intelligent followers” in the tran-
sition process and the “engineers” and “social workers” of the transition process (quotes from the expert interviews).  
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For further details on the empirical results regarding challenges and strategic answers see also additional publication 3 (appendix 
section B.3 – in English). Further detail on target conflicts and their potential future roles can be found in additional publication 4 
(appendix section B.4 – in German). 
Conceptualisation The results of the empirical exploration were subsequently interpreted against the theoretical background of pub-
lic corporate governance and network industries literature. UUC were conceptualised as public incumbent companies in network 
industries. This conceptualisation resulted in the development of six analytical categories, which capture the specifics and facilitate 
an in-depth understanding of public incumbent companies in network industries. The analytical categories can be grouped in struc-
tural categories (multi-dimensional roles of owner, infrastructure network operation, federal governance structure) and processual 
categories (corporatisation and cultural change, conflict of public interest and market performance, democratic control and compet-
itiveness) (see Table 5-8). 
Table 5-8: Analytical categories for urban utility companies as public companies in network industries (from publication 6). 
Analytical  
category 
Theoretical  
reference 
Empirical evidence 
Structural categories  
Multidimensional 
roles of the owner 
(Lienhard, 2009) The city administration encounters the UUC as owner, legislative (different parties), 
executive (different ministries) and judicative with diverging interests. 
Infrastructure net-
work operation: 
natural monopo-
lies and re-regula-
tion  
(Finger and Künneke, 
2011; Finger and 
Jaag, 2015; Künneke, 
2009) 
The natural monopoly of networks results in public ownership and in the analysed 
cases the network operation by UUC. The UUC operate in market and monopoly, 
influenced by strong regulations. A recent example: renewable energies and digital-
isation trigger the discussion on how to manage and finance grid balancing (e.g. with 
strategic reserves or smart steering measures like virtual power plants). 
Federal govern-
ance – multiple 
political goals and 
means 
(Schäfer and Otto, 
2016; Rave, 2016). 
Due to the bottom-up subsidiary organisation of the sector, UUC are traditionally 
regulated on the municipal level, however liberalisation, energy transition and dig-
italisation are regulated top-down on a European and national level, which causes 
mismatching regulations. 
Processual categories  
Corporatisation 
and public entre-
preneurship 
(Bernier and Hafsi, 
2007; Greiling et al., 
2013) 
The liberalisation entailed the corporatisation of many UUC and still causes their 
adaptation to market-based logics, including organisational change (e.g. establish-
ment of innovation management) and cultural change (e.g. developing new compe-
tences). 
Public service vs. 
profitability 
(Schedler et al., 2011; 
Schedler et al., 2007; 
Schedler and Finger, 
2008) 
The city administration as owner and political player has diverging expectations on 
profitability of the UUC and its compliance with energy transition goals, e.g. the in-
vestment in renewable energies, energy efficiency measures or the divestment 
from non-renewable energies. 
Democratic con-
trol vs. competi-
tiveness 
(Rentsch, 2017; Jen-
sen and Meckling, 
1976) 
The city administration wants to execute as much democratic control as possible 
but wants the UUC to be as competitive and profitable as possible. Thus, there are 
e.g. discussions on the composition of the administrative board (share of policymak-
ers, engineers or business experts). 
 
Integrability: Finally, the developed analytical categories were linked back to the TEF to complement the framework with actor-level 
determinants and additional analytic dimensions for the particular application of the TEF on public incumbent companies in network 
industries. The analytical categories exemplified and complemented the TEF on four levels: i) vertical embeddedness – industry re-
gime (e.g. the category “federal governance” complements, that external institutions also can stem from other federal levels), ii) 
horizontal embeddedness – socio-political and economic environment (e.g. the “multiple roles of the owner” category exemplifies 
the importance of the intersection of socio-political and economic environment and the particularity of the owner acting in both 
spheres) iii) core vs. peripheral position of firms (e.g. the “infrastructure network operator” category complements the aspect of the 
networks’ physical reality to the monopolist position), iv) strategic answers and learning (e.g. the “public service vs. profitability” 
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category complements the TEF by alluding to the “natural” paradoxes in their strategic answers). Publication 6 also provided a concise 
overview table on this linkage. The empirical exploration of UUC as one particular group of incumbents in federal energy governance 
systems and the resultant conceptualisation of the six analytical categories contributed to a more refined empirical and theoretical 
understanding of incumbents in socio-technical energy systems in transition. The linkage of these categories to the TEF, finally, allows 
to integrate them in the wider transition studies context and contributes to enhanced theory building and understanding of incum-
bents in sustainability transitions.  
5.4.2 Contribution to the dissertation’s overall research aim  
Results from module 4 contribute on four levels to the overall research aim of the dissertation:  
First, they provide a rich understanding of a key actor in federal energy governance systems, i.e. UUC, as well as determinants of its 
agency. This uncovers not only a specific type of incumbent and its particularities for an international audience (UUC were hardly 
considered in transition studies, so far) but also shows the diversity of incumbent actors and contributes to a deeper understanding 
of their agency in the context of mature transitions. On the one hand, UUC are key actors for the technological system functionality 
(e.g. a local grid operator) as well as for the social system functionality (e.g. through their public services obligation). On the other 
hand, and this differentiates them from the classical incumbents, which are considered opponents to transitions, the UUC are public 
firms, owned by the city and often pushed by their owners to support and act for the sustainability transition. They play an important 
role in connecting new solutions (e.g. prosumers, power-to-x solutions) to the existing system (e.g. the grid, the urban infrastructure). 
The rich empirical evidence from module 4 thus reveals the diverse roles of the UUCs for system functionality and transition dynamics 
in mature sustainability transitions and build the basis for further theory building.  
Second, module 2 provides a theoretical conceptualisation of actor- and system-level determinants of the urban utility companies’ 
agency, by conceptualising them as public companies in a network industry. The structural and procedural analytical categories de-
veloped in this module capture structural determinants on the actor-level (public company, multi utility) as well as on the system-
level (federal governance structure, network industry) and allude to transition dynamics on the actor-level (organisational and cul-
tural change) as well as on the system-level (liberalisation, digitalisation). They facilitate generalisation of the case specific findings, 
allow for cross-case comparison and support theory building to understand urban utilities as well as the wider context of public 
incumbents in network industries. By focussing on one key regime actor (in federal energy governance systems), they contribute to 
an improved understanding of structures and dynamics in mature sustainability transitions, for which these actors play a crucial role 
for the integration of sustainable solutions to the system and for the large-scale success of the transition.  
Third, module 5 presents concrete propositions, how the analytical categories can be linked in a complementing or exemplifying 
manner to the building blocks of the TEF, which embeds them in sustainability transition studies. This linkage improves the concep-
tual understanding of the specific actor- and system-level determinants of public incumbents’ agency in network industries in the 
context of sustainability transitions. The TEF, for example, puts a particular focus on the importance of the so called “industry regime” 
(regulations, values, mind-sets in the industry) as determinants for agency. The analytical categories show that regulation plays an 
important role in the energy sector and therewith exemplify and complement the TEF regime notion. This is due to the “natural” 
monopoly in networks. The analytical categories show that different levels of regulation influence the agency of public incumbents, 
because of the federal governance structure. The combined theoretical basis of TEF and the analytical categories provide a rich ana-
lytical heuristic, which is case-specific to federal energy sectors, but still general enough to facilitate comparison within the sector 
and to other network industries. The comparison of public incumbents in structurally similar (network) industries can additionally 
improve the understanding of mature sustainability transitions. Finally, the linkage to the TEF provides an example of how existing 
transition studies frameworks can be complemented with other theoretical backgrounds and be applied to the specific case of energy 
systems in mature sustainability transitions.  
Results 
65 
Key findings 
• Urban utility companies can be characterised by their public ownership, their horizontal and vertical integration and 
the parallelism of monopoly and market regimes.  
 
• Besides global challenges in the context of the energy transition, urban utility companies also face specific challenges, 
which are related to their key characteristics. Their strategic answers can be grouped in the areas adaptation, valori-
sation of their specificities and stability.  
 
• Urban utility companies play important roles for the system’s stability during the transition as well as for the progress 
of the transition process.  
 
• Six structural and processual analytical categories can be derived from the conceptualisation of urban utility compa-
nies as public (incumbent) companies in network industries. 
 
• The six analytical categories can be linked to the main building blocks of the TEF in an exemplifying and complemen-
tary manner. 
Contribution Module 4 transfered the agency understanding of module 3 (embedded an interacting with its systemic context) 
to the organisational level. Module 4 presented important insights from an in-depth empirical study of urban utility companies 
in Germany and Switzerland. From this empirical basis, it revealed generalised actor- and system-level determinants of their 
agency and developed theoretical, structural and procedural analytical categories. In doing this, it deepened the empirical 
understanding and theoretical conceptualisation of agency in mature sustainability transitions. 
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 Discussion 
The following chapter discusses the relevance of the dissertation’s findings for the study of resilience in socio-technical 
energy systems in transitions (section 6.1) and for the study of agency in sustainability transitions of socio-technical energy systems 
(section 6.2). Within the two sections, the contributions are discussed following the structure of the research gaps. Subsequently, 
section 6.3 synthesises the findings and discusses their relevance for the study of actor- and system-level structures and dynamics of 
mature sustainability transitions - in order for the thesis to be closed by a reflection on its contribution to the overall research goal.  
6.1 Relevance of the results for the study of resilience of socio-technical en-
ergy systems in transition  
Module 1 and 2 worked on the conceptualisation, operationalisation and empirical analysis of a (dynamic) resilience concept for 
socio-technical energy systems in transition. For this conceptualisation, they drew on the resilience thinking concept from socioeco-
logical systems literature and contribute to a dynamisation and equal conceptualisation of the social and the technological subsys-
tem, which facilitate a better understanding of resilience in socio-technical energy systems in transition (research gap 1). The opera-
tionalisation of the resilience concept in an indicator set and its empirical application provided a tool kit and discussed methods for 
the empirical analysis of resilience in socio-technical energy systems in transitions (research gap 2). Finally, the findings from concep-
tualisation, operationalisation and empirical application fed back into and contribute to a more informed discussion of pre-existing 
theoretical concepts. In engineering resilience, they discuss the resilience vs. reliability orthodoxy, and the 4R framework, in resilience 
thinking literature they discuss the concept of specific and general resilience as well as system identity and for both, they discuss the 
conceptualisation of social resilience.  
In conclusion, the findings of this dissertation contribute to the study of resilience on three levels: i) a better understanding of resili-
ence of socio-technical systems in transition (dynamisation, equal conceptualisation of social and technological sphere), ii) tools for 
empirical analysis (empirical application) and iii) the discussion of pre-existing theoretical concepts in engineering and resilience 
thinking (4R concept, specific and general resilience, system identity). Subsequently, these contributions are presented in detail. 
Research gap 1: Lack of resilience conceptualisation for socio-technical energy systems undergoing a purposive transition 
As elaborated in section 2.1.1, resilience literature related to energy systems and critical infrastructures mainly focuses on the re-
trieval of the (technical) system’s functionality after external shocks as well as on how structural aspects of the technological system 
and management processes in the social system can support this retrieval. Energy system related resilience literature, however, does 
not yet consider aspects of deliberate and purposive transitions and its effects on the systems’ resilience, nor does it provide an equal 
conceptualisation of the social and the technological subsystem in energy systems. The dissertation’s findings contribute to this first 
research gap on two levels: i) the better understanding of resilience in socio-technical systems in transitions through the dynamisa-
tion of the static resilience concept in energy related research and the equal conceptualisation of the social and technological sub-
systems, respectively strengthening of the social perspective for energy systems resilience; ii) a discussion of pre-existing concepts 
in engineering resilience, i.e. the resilience vs reliability orthodoxy and the 4R framework of key concepts in energy systems resilience: 
robustness, redundancy, resourcefulness and rapidity.  
Dynamisation of energy resilience The operationalisation of resilience for socio-technical energy systems in transition, based on the 
conceptualisation of resilience thinking for energy systems, contributes to a dynamisation of the static resilience concept, which is 
predominant in energy resilience research. It changes the focus from passive and reactive system behaviour in face of extreme, 
system external shocks (e.g. a blackout) towards active, deliberate and system-internal dynamics (e.g. the effects of subsidy schemes 
for renewable energy systems). It facilitates a better understanding of resilience in energy systems, which undergo a purposive tran-
sition. The findings of this dissertation challenge the predominant orthodoxy of reliability and resilience, where resilience is only 
relevant for high-impact and low-probability shocks and reliability comes only into play for low-impact but high-probability shocks 
(Panteli and Mancarella, 2015). In the context of a deliberate transition, however, high-impact changes with high probability are the 
order of the day, and they occur in a non-linear order and self-enforcing magnitude (e.g. digitalisation opened new possibilities of 
liberalisation and pushed the expansion of renewables at the same time). The findings show that the resilience of an energy system, 
which undergoes a deliberate transition, does not only consist of the ability to react to shocks and return back to business-as-usual 
as quickly as possible, but also to adapt gradually to fundamental and emergent changes on the long run. The presented conceptu-
alisation and operationalisation of resilience for socio-technical energy systems in transition therefore enriches and complements 
the existing concepts for energy resilience and increases reflexivity, especially regarding the social dynamics of an energy system.  
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Equal conceptualisation of social and technological subsystems Engineering resilience mainly focuses on the assessment of techno-
logical resilience, whereas the resilience of the social subsystem is not of particular interest. The dissertation’s findings however 
show, that the general resilience of an energy system results from the interplay and co-evolution of the specific resilience of the 
social and the technological subsystem. The proposed indicator set and its equal conceptualisation of the social and the technological 
subsystem allows to assess the technological and the social subsystem individually as well as together and particularly analyse their 
function for the overall resilience. The indicator set provides a tool to assess the system’s and its subsystems’ resilience for one point 
in time but also during a process (e.g. the reaction to a shock). Furthermore, it also facilitates the cross-subsystem comparison (due 
to the same indicator sets for both subsystems) and supports insights from the analysis of structures and dynamics in the two sub-
systems. The social and the technological subsystem are both considered complex systems so that the logics and organisation mech-
anisms of one subsystem can be transferable to the other. The role of a broker agent for the connectivity among social arenas, for 
example, can be transferred to the technological subsystem, where brokering technologies such as power-to-gas/-heat increase the 
connectivity and contribute to the system’s resilience. Finally, the equal conceptualisation of the social subsystem also contributes 
to a strengthening of the social aspects in the context of engineering resilience and facilitates their systematic analysis.  
Discussion of 4R The findings of this dissertation also contribute to a discussion of the – in engineering resilience – predominant 4R 
framework, which describes the key abilities of a resilient system as: robustness, redundancy, resourcefulness and rapidity (see e.g. 
Panteli and Mancarella, 2015). Especially, findings from Module 2 show, how a certain level of diversity and connectivity allows for a 
compensation of drop-outs in the system (robustness) and provides a wide range of different and accessible resources (resourceful-
ness). Redundancy is particularity dependent on the indicators disparity (qualitative difference) and balance (share in total amount 
of entities). For example, technology groups can only substitute each other if they are connected and similar enough regarding their 
qualities and production capacity (e.g. hydropower can substitute coal, since the storability of its resource allows base-load supply 
and with high efficiency rates it also provides enough capacity). Finally, rapidity is critical for the reaction to extreme shocks and the 
return to business-as-usual, however, in the context of a long-term transition e.g. persistence is equally, if not more important, to 
adapt the system and transform it in such a way, that it can endure the shocks on the long run. This aspect relates back the dichotomy 
of reliability vs. resilience, which needs to be reframed and broken up for the analysis of socio-technical energy systems in transition.  
Research gap 2: Lacking operationalisation of resilience thinking for the empirical analysis of energy systems, conceptualised as socio-
technical systems in transition.  
The concept of resilience applied in this dissertation is rooted in the socioecological resilience literature, where robustness, adaptive 
capacity and transformability are key abilities of resilient systems and systems consist of equally weighted social and ecological sub-
systems, which undergo constant changes. The resilience thinking concept, however, has not yet been (re)conceptualised for socio-
technical systems and also lacks an explicit operationalisation for empirical analysis (see section 2.1.1). The dissertation’s findings 
contribute to this research gap on two levels: i) the operationalisation and empirical application of the indicator set as well as the 
discussion of benefits and challenges of the application contribute to the development of a toolkit for systematic empirical analysis; 
ii) the discussion of specific and general resilience, the system identity concept and finally to an improved conceptualisation of social 
resilience in both adaptive and engineering resilience.  
Empirical application The operationalisation of resilience for socio-technical energy systems in a concise indicator set provides indi-
cators and related measures, which can be applied to the social and the technological subsystem to analyse resilience. The findings 
of this dissertation therefore provide a tool for a systematic empirical analysis of resilience in socio-technical systems. The empirical 
application of the indicator set reveals on the one hand empirical insights on the different levels of diversity and connectivity in the 
social and the technological subsystems throughout the transition process and contributes to a more precise empirical understanding 
of resilience in socio-technical systems during a transition process. On the other hand, it provides and discusses different qualitative 
and quantitative methods, which facilitate the empirical analysis. Particularly, the quantification of qualitative data on the social 
subsystem enriches the method set available to empirically analyse resilience. The applicability of the indicator set in the empirical 
analysis also shows their explanatory power for socio-technical systems and points out that the general resilience of the energy 
system results from the co-evolution of the social and the technological subsystems as well as thesubsystems’ specific resilience. 
Only if the specific resilience(s) of the subsystems are aligned, the general resilience of the overall system can be maintained through-
out the transition process. The co-evolution of subsystems for transition is a “classical” concept from socio-technical system research 
and mirrors, how the findings of this dissertation also contribute to a further linkage and integration of concepts and approaches of 
the socio-technical system’s and socioecological system’s literature (Smith and Stirling, 2008; Chappin and Ligtvoet, 2014). 
Specific and general resilience The equal conceptualisation and combined analysis of the indicator set for the social and the techno-
logical subsystem contribute to an enhanced understanding of specific and general resilience in resilience thinking literature (Folke 
et al., 2010). As mentioned above, the specific resilience of the social and the technological subsystem need to be aligned in order 
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for the overall system to maintain the necessary level of robustness and adaptive capacity. The equal consideration of the social and 
the technological subsystem facilitates the explicit analysis and comparison of specific resilience in the two subsystems, to reveal 
interferences or re-enforcing mechanisms and feedbacks among them and insights about their role for general resilience.  
Social resilience The equally weighted analysis of the social subsystem contributed to a more nuanced picture of social resilience and 
the functionality of the social subsystems in the context of resilience thinking literature. More explicitly as in the technological sub-
system, functionality is also a partly relative concept in the social subsystem. During a deliberate transition, actors can discuss, agree 
and disagree on system functions, which they want to keep stable or change (e.g. affordability of electricity). Actors can decide which 
system resilience they want and what they are willing to do, accept or pay for it. These discussions have again implications for the 
rules and the governance structure of the system, for social resources and relations (e.g. the market design), but also affect the 
technological subsystem (e.g. acceptance for costs of renewables caused subsidy scheme and expansion of new energy production 
technologies). The findings of this dissertation provide not only a tool kit and analytical basis to systematically assess the resilience 
of the social subsystem, they also draw attention to the particularities of the social subsystem, its functionality and resilience and the 
social construction of these concepts. In doing so, the dissertation contributes to the enhanced conceptualisation and theory building 
on social resilience in the resilience thinking literature (e.g. Cote and Nightingale, 2012; Adger, 2000). 
System identity With this, the findings trigger a discussion of the predominant concept about system identity in resilience thinking 
literature, where system identity is related not only to functionality but also to the structure of the system (Walker et al., 2004). In 
the context of deliberate transitions, however, the system’s structure is purposefully changed, e.g. liberalisation allowed for the 
entrance of new actors and renewable energy subsidy schemes promoted the decentralisation of the energy system. As presented 
above, the system’s functionality can be re-defined by the actors of a system, too. The findings of this dissertation contribute to a 
more informed discussion on the relativity of the resilience concept in face of social dynamics and the need for a reconceptualisation 
of system identity in the resilience thinking literature. 
Overall resilience conceptualisation Finally, the operationalisation and empirical application of the indicator set showed in general, 
that a resilient system maintains a certain level of diversity and connectivity in the social and the technological subsystem throughout 
the entire transition process, to support robustness and adaptive capacity at the same time. The findings contribute to a reflection 
on the level of diversity and connectivity needed to maintain the abilities during the different phases of the transition. They provide 
a first interpretation and reveal tendencies of how system characteristics change during a transition process (e.g. increase of tech-
nological diversity, stable social diversity). However, they do not yet provide a robust theory or even quantification of the levels of 
diversity and connectivity needed for system resilience in the different transition phases. Further empirical evidence and theory-
based reflections are needed to refine the relationship among the system characteristics and the system abilities. Figure 6-20 sum-
marises the conceptualisation of resilience for socio-technical energy systems in transition.  
 
Figure 6-20: Concept of resilience of socio-technical energy systems in transition (author’s own representation) 
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6.2 Relevance of the results for the study of agency in sustainability transitions 
of socio-technical energy systems 
Module 3 and 4 provided a conceptualisation of frameworks for the systematic study of actor- and system-level determinants of 
agency and its effects on the system in transition as well as an in-depth empirical analysis of agency on the individual and organisa-
tional level. In doing so, they contributed to an improved empirical and theoretical understanding of agency in sustainability transi-
tions in general (research gap 3) and more particularly of the role of incumbents in sustainability transitions (research gap 4). The 
findings drew on the original concept of actor-rules-system-interactions in transition studies and the related frameworks MLP and 
TEF. Module 3 complemented the MLP with a framework from individual psychology, for the improved conceptualisation of agency 
on the individual level. Module 4 complemented the TEF with analytical categories for incumbents, derived from public corporate 
governance and network industries literature for an enhanced conceptualisation of incumbents’ agency. The theoretical footing was 
iterated with empirical findings from the in-depth study of change agents (module 3) and UUC (module 4). Besides the enhanced 
conceptualisation of agency in sustainability transitions, the dissertation also contributes more systematic approaches to the empir-
ical study of agency in transition studies. Finally, the linkage of the findings back to transition studies frameworks (TEF and MLP) 
facilitates accessibility of the findings for transition scholars and contributes to a more informed discussion on established concepts 
in transition studies, such as the conceptualisation of higher structuration levels, the image of incumbents and the underlying eco-
nomic paradigm of transition studies.  
In conclusion, the dissertation’s findings from module 3 and 4 contribute to the study of agency on three levels: i) a better under-
standing of influence factors and impacts of agency on the system transition towards more sustainability, ii) a more systematic em-
pirical analysis and iii) the feedback into transition studies and discussion of pre-existing concepts. The subsequent section discusses 
these contributions in detail, structured according to the individual research gaps. 
Research gap 3: Lack of a comprehensive framework to empirically analyse system-level and actor-level determinants of agency as 
well as the role of agency in sustainability transitions of socio-technical energy systems  
As presented in section 2.1.2, transition studies indeed provide a rich conceptual bases for the analysis of agency in the context of 
systemic transitions and conceptualise socio-technical systems as consisting of actors, artefacts and rules as well as the related inter-
actions. They however lack a comprehensive framework for an empirical analysis of the triangle of actors, artefacts and rules – re-
spectively, an operationalised framework for the analysis of agency considering both, actor- and system-level determinants as well 
as the feedback of agency to the system. Overall, transition studies lack a better conceptualisation and consideration of the actor 
perspective in the context of sustainability transitions. The dissertation’s findings contribute to this third research gap on two levels: 
i) re-conceptualised framework for the systematic study of agency and empirical example of such a systematic study, ii) strengthened 
conceptualisation of the actor-level, which contributes to a better understanding of higher structuration levels in sustainability tran-
sitions.  
Systematic study With the conceptualisation of the HES framework and the development of the analytical categories for public in-
cumbents in network industries, the dissertation strengthens and refines the actor-level perspective in transition studies, by provid-
ing concrete concepts for the empirical analysis of actors and their agency and the linkage of these concepts to established transition 
studies frameworks. The findings provide examples for comprehensive and empirically applicable approaches for the systematic 
analysis of actor- and system-level determinants of agency as well as the analysis of feedbacks of agency on the system. Their empir-
ical application gives an example of such a systematic, framework-based but still complex and in-depth agency analysis in the context 
of sustainability transitions. In tradition of Geels’ actors-rules-artefacts interaction triangle, this also works on the long-standing claim, 
of lacking operationalisation of Gidden’s structuration theory (see e.g. Pozzebon and Pinsonneault, 2016), since the findings provide 
concrete concepts for the analysis of influences of structure on agency (actor- and system-level determinants) and the influence of 
agency on the structure (feedback of agency, role of agency for transition), while explicitly considering the system (social networks 
and physical reality of artefacts in the energy sector). Overall, the findings of this dissertation contribute to a more complex but also 
structured analysis of agency. They finally allow for cross-case study or cross-sectoral comparison, which is recently claimed as a 
fundamental need for the further development of transition studies (Markard, 2018). This framework-based cross-sectoral analysis 
of agency e.g. in infrastructure sectors can decisively contribute to improve the understanding of dynamics in other infrastructure 
sectors as e.g. the telecommunication sector, the public transport sector or the water sector, which are all considered as network 
industries and thus as based on similar actor types, rules and types of artefacts.  
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Higher structuration levels The dissertation’s findings also contribute to a better understanding and facilitate theory building on the 
higher structuration levels of socio-technical systems in transitions – the regime and the landscape in MLP terms. By drawing analyt-
ical attention to individual motivations, aims and evaluation of feedbacks from the environment, the HES framework provides the 
basis to analyse actor-level factors, which shape the landscape and the regime. In transition studies, the poor conceptualisation of 
the landscape is a long-standing claim for further development (e.g. Geels, 2011). By focussing on the actor-level dynamics, this 
further conceptualisation of the landscape can be promoted. Similarly, the analytical categories of module 4 provide a richer under-
standing and conceptualisation of regime dynamics. On the one hand, they help to understand incumbents’ agency, on the other 
hand, they also help to understand, why the incumbents reproduce the regime in a certain way and thus, why the regime is structured 
as it is. The focus on the actor-level dynamics does not only allow a better understanding of the higher structuration levels in socio-
technical systems in transition, it also provides the basis for changing them and fostering mature sustainability transitions. Knowing 
the psychological dynamics of individual’s agency or the particularities of the technological regime of public companies in network 
industries allows for more informed policy making, campaign design and media reports. Finally, the conceptual findings of this dis-
sertation link transition studies literature to environmental psychology, public corporate governance and network industries litera-
ture (depending on the actor type under study). This opens doors for further integration, complementary use and cross-fertilisation 
between the different strands of literature, which decisively contributes to a more informed analysis, better understanding and im-
proved theory building on individual and organisational agency in the context of transition studies.  
Research gap 4: Lack of a more nuanced picture and systematic analysis of the different roles and types of incumbents in the energy 
transition. 
With regard to the specific analysis of incumbents in the context of sustainability transitions, transition studies started off with a too 
simplistic and purely negative picture of their agency as only hampering the transition. Recently, transition scholars refined this pic-
ture and work on more nuanced analysis of incumbents’ agency in sustainability transitions. This more fine-grained understanding 
was however not yet applied to the energy sector and studies on incumbents in the energy transition only focus on national champi-
ons, such as Alliander, EON or RWE. A more nuanced picture of the different types and roles of incumbents in the energy transition 
is still lacking (see section 2.1.2). The dissertation’s findings contribute to this fourth research gap on three levels: i) empirical and 
conceptual findings for a more nuanced picture on incumbents, ii) the assessment of the role of agency in transitions and iii) a dis-
cussion of predominant assumptions in transition studies based on findings from the example of UUC.  
More nuanced picture The empirical findings of the explorative analysis of UUC as particular type of incumbent in federal energy 
governance systems provided rich insights into their characteristics, challenges, strategies and different roles for the sector and its 
transition. UUC for example play an important role in ensuring social and technological stability (equity and functionality) on the local 
level during the transition process. At the same time their public owners also push them towards more flexibility and change. One of 
their key roles is connecting technologies and actors on different levels and across sectors. UUC also play a decisive role for the 
resilience of the socio-technical energy system in transition (further elaboration in section 6.3). Hence, the empirical findings con-
tribute to a more nuanced picture on incumbents’ agency beyond the study of national champions and also exemplify the particular 
actor type “urban utility company” to an international, non-German speaking audience. Additionally, the findings help to overcome 
the common dichotomy of positive challengers and negative incumbents in transition studies by showing the diversity of roles in-
cumbents can play during an energy transition process. In this context, the conceptual findings on the six analytical categories provide 
a systematic basis for a more neutral and fine-grained analysis of incumbents. They allude to commonalities of public incumbents in 
(other) network industries and with their linkage to the TEF framework they facilitate the systematic cross-sectoral analysis, men-
tioned above. Finally, these findings do not only contribute to cross-sectoral empirical analysis but also open doors for improved 
theory building and more informed discussions on incumbents in network industries. 
Role of agency With this more neutral and nuanced approach to study incumbents as well as by providing empirical findings on the 
diversity of incumbents’ roles for the energy transition, the dissertation contributes to an improved understanding and a strength-
ened analytical weight of the role of agency in transitions studies. It also kicks off a discussion on assessing the contribution of actors 
to the transition progress. For the progress of a transition, particularly in its mature phase, every contribution in the desired (more 
sustainable) direction counts, regardless whether it comes from a challenger, incumbent or somebody different. Related to the lack 
of systematic analysis of agency, transition studies did not yet provide concepts or tools to assess this contribution of actors to the 
transition process. The presented frameworks help to pay more attention to the effects of agency on the system and can build a basis 
to develop an evaluation framework for actors’ contributions to sustainability transition.  
Predominant assumptions Finally, empirical findings from the analysis of UUC provide an interesting example of urban infrastructure 
self-governance. On the one hand, this alludes to polycentric governance, which plays an important role for the resilience of a socio-
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technical system and will be elaborated at the end of the following section. On the other hand, these findings challenge the predom-
inant capitalist paradigm in transition studies. Transition scholars do not (yet) openly question the paradigm of neo-liberalism, eco-
nomic growth or the dominance of market-based solutions – in European infrastructure sectors. In this context, the study of UUC, 
especially for the case of Switzerland, shows different solutions and paradigms in local infrastructure management. Public service 
orientation, public ownership, democratic control and local monopolies (in the case of Switzerland) are only a few examples. With 
their roots in public administration and their infrastructure network basis, UUC did not operate profit-oriented for a long time. They 
did not need to grow or to specialise, since they were in charge to manage the entire urban system and find systemic solutions. And 
although they adapt to the market-based and profit-oriented regime, which is pushed by the EU, UUC still provide interesting exam-
ples of alternative mind-sets, beliefs, solutions and approaches, which fundamentally challenge the neo-liberalist paradigm. From 
the more in-depth study of the diversity of incumbents in infrastructure sectors, transition studies thus could start a more informed 
discussion on the fundamental underpinnings - the landscape - of sustainability transitions.  
6.3 Contribution of the findings for the improved understanding of actor- and 
system-level dynamics of mature sustainability transitions  
The subsequent and last section of the discussion summarises and synthesises the conceptual contribution of the dissertation’s indi-
vidual modules (presented in sections 2.3.1 to 2.3.4 and sections 5.1.2, 5.2.2, 5.3.2 and 5.4.2) and links them back to the conceptual 
fundamentals (section 1.2) to show their explanatory value and integrated contribution for the overall research aim of this disserta-
tion:  
Research aim of this dissertation is to understand key aspects (structures and processes) of mature sustainability transitions in the 
energy sector from both the system and the actor perspective. 
6.3.1 System configuration – Resilience range in transitions 
Module 1 and module 2 focused on the analysis of system functionality for socio-technical energy systems in mature transitions. 
Based on the resilience concept, they presented a conceptualisation of system functionality, which results from the balance of diver-
sity and connectivity on multiple scales of the socio-technical system and allows for a balance of stability and flexibility on multiple 
scales of the system. Stability and flexibility are considered key system abilities, diversity and connectivity are considered key system 
characteristics. The overall system is conceptualised as a nested system of systems, which has a social and technological sphere on 
each level (compare layers in Figure 6-21).  
 
Figure 6-21: System characteristics and abilities for system functionality - allowing for transition dynamics (author’s own representation) 
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In order for the overall system to maintain its functionality while fostering transition dynamics in the mature phase of its sustainability 
transition, its system characteristics need to be balanced and aligned among the spheres (social and technological) and the scales 
(e.g. organisation, region, nation). The relation of diversity and connectivity to the functionality and transition dynamics of the system 
can be conceptualised as an ideal-type “resilience in transitions-range” within which the system is resilient during the ongoing tran-
sition (see Figure 6-22).  
 
Figure 6-22: Theoretical range of resilience for socio-technical energy system in transition (author’s own representation)  
Below this range (too low diversity and/or too low connectivity) but also above this range (too high diversity and/or too high connec-
tivity) the system is not resilient. Its functionality is endangered and it might collapse if a shock may occur. At the same time it also 
does not allow for transition dynamics. Too low diversity and connectivity do not allow for the development of alternatives in the 
system, too high diversity and connectivity do not allow the system to function efficiently to actually perform the transition. Moreo-
ver, diversity and connectivity values both need to stay within this range. For example, a high diversity of energy production technol-
ogies can only operate in a secure manner if the technologies are connected, either to the overall system (e.g. the grid which is highly 
connected) or among themselves on a local level (e.g. on the household or quartier level). Additionally, the qualitative differences of 
the technologies can be balanced through their connection to other technologies (e.g. connection of base-load and peak-load tech-
nologies or technologies using different resource bases, storable or not).  
The empirical findings from the explorative application of the indicator set to regional socio-technical energy systems (see section 
5.2.1) provided first qualitative indications regarding the “necessary levels of diversity and connectivity” which hypothetically mark 
the lower and the upper end of this “resilience in transitions – range”. From what we have seen in the empirical analysis, the levels 
of diversity and connectivity do not stay constant but vary over the course of a sustainability transition. In the individual phases, 
different aspects therefore become more important than others. 
In the pre-development phase, the social system needs to allow for modules to emerge so that pioneers or change agents can form 
their networks – the overall connectivity of the social system should therefore not be too high. These modules should have a medium 
level of diversity including diverse actors with different backgrounds and approaches. These modules must not be driven by politicians 
only but also include industry actors, research and ideally also representatives of the wider society (e.g. NGOs or associations). The 
actors, however, need to have enough in common to be able to effectively work together (debates on principles would hinder these 
pioneer networks) (compare also results from module 3 in section 5.3.1). Similar for the technological system, in order for techno-
logical innovations to evolve successfully, the overall connectivity of the technological system should not be too high. Modularity is 
important, since the technological system needs to function – without the innovations and also if they are tested in the system (e.g. 
a new storage unit, which might suddenly fail and feed-in electricity suddenly). At the same time high levels of disparity and variety 
are decisive to find and test a broad range of alternatives as well as to find those, who fulfil the goals and function best. Their balance 
can however remain at low levels in this early phase, to avoid potential large system failures. 
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In the acceleration and take-off phase, technological connectivity should remain at medium levels. On the large scale, connectivity 
needs to decrease to allow for the new technological solutions to be tested and included in the existing system. Especially centrality 
needs to decrease, e.g. the centrality in the electricity grid, to allow for the inclusion of decentralised technologies without endan-
gering the overall grid stability. These changes also require socio-technical innovations for the management of connectivity (e.g. 
smart grids and demand-side management, which allow to balance the increasing diversity via the support of local connectivity). In 
the technological system, the local connectivity needs to increase while the large scale connectivity should decrease. Diversity re-
mains stable, respectively decreases, since certain technologies are selected and their share increases (variety decreases but balance 
increases). Similarly, for the social system: the centrality of traditional actors needs to decrease (also via changed regulation) so that 
new actors with new competences can enter the governance system to (help) implement the new solutions (e.g. demand manage-
ment requires a lot of ICT knowhow and new cognitive paradigms for grid steering). Ideally, these new actors collaborate with tradi-
tional actors, to integrate the new management approaches and knowhow in the existing system to ensure its functionality. Social 
diversity remains stable regarding the variety, however the balance of the actors managing and developing sustainable technologies 
should increase in the overall system.  
Finally, for the stabilisation phase, the empirical evidence of this study is not yet rich enough, since the regions under study just 
entered the stabilisation phase. However, it seems to be important, that the technological connectivity on the local and the national 
level are developed in parallel: local connectivity allows to balance technological diversity on the local level, large scale connectivity 
(e.g. through transmission grids) might still be needed to balance the local modules and provide a backup-function. The diversity in 
the technological system should be balanced on medium levels, to allow for an efficient and robust functioning of the system, while 
still providing the structural basis to remain adaptive (e.g. through redundancy and alternative solutions). For the social system, local 
connectivity should remain also on medium levels: decentralised peer-to-peer trading or auto-consumption modules still would need 
central steering agencies to function efficiently as well as they need entities, which manage their embeddedness in the larger context 
(e.g. connection to the distribution grid). Most importantly, regulation needs to change to accompany and support the stabilisation 
of new governance forms. 
In conclusion, the relation of diversity and connectivity to resilience is not linear – it is not to be considered as the more diversity 
and connectivity the more resilience but as a complex balance, which builds the structural basis for the system to manage stability 
and flexibility forces on the different scales of the system (the large scale might need to be stable to allow for flexibility on the local 
level and vice versa). Finally, the resilience concept proposed here is also not to be considered as contrary to transition dynamics – it 
is not to be considered as the more resilience the less transition dynamics, but if the system manages to always remain in the “resil-
ience range”, it has enough diversity and connectivity to function smoothly and change itself towards more sustainability at the same 
time – which is especially important in the mature phase of a sustainability transition.  
6.3.2 Determinants of agency – Actor-level and system-level framework  
Module 3 and module 4 focused on determinants and key drivers of systemic transitions. Their results are summarised in a joint 
framework for the analysis of actor-level and system-level influence factors on agency as important determinants of transition dy-
namics (see Figure 6-23). Transition dynamics are influenced by both individual’s and organisational agency. Organisational agency 
is conceptualised as a result of and dependent on individual’s agency. Individual’s agency, however, is not necessarily embedded in 
an organisational context and therefore to be understood as not directly dependent of organisational agency. Consequently, actors 
are both individuals as well as organisations. Organisations are perceived as “aggregate actors” who behave in a certain way, even 
though their actual agency is conducted by individuals. Individual’s and organisational agency cause multi-scalar short-term and long-
term systemic effects, which change the socio-technical system and result in transition dynamics, which then are again perceived by 
individual actors and influence their agency. Transition dynamics are thus complex, interrelated processes, for which agency is a key 
driver. 
Both, individual and organisational agency are shaped by different determinants, which can be grouped in three levels: systemic, 
organisational and individual determinants (see Figure 6-23). Systemic determinants of agency are institutions (e.g. regulation, 
norms or values, such as the public services, liberalisation or federalism), the physical-technical system (e.g. grid infrastructure, 
plants, technologies) and the governance system (e.g. the actor network relations, roles and responsibilities of actors). Organisational 
determinants are cooperative goals (market performance vs. public services quality), cooperative strategies (e.g. lobbyism on the 
local level or investment in renewables abroad), cooperative culture (e.g. administrative and entrepreneurial mind-set) and cooper-
ative structure (e.g. multi-utility). Individual determinants are goals (e.g. act for climate change), strategies (e.g. search for strategical 
allies), perceptions (e.g. positive or negative evaluation of policy change) and learning processes. Individual determinants influence 
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individual’s agency directly through the actor, whose characteristics they are. Similarly, organisational determinants influence organ-
isational agency directly through the characteristics of the organisation. Individual determinants also influence organisational agency 
indirectly, since organisational agency is performed by individuals (see Figure 6-23).  
 
Figure 6-23: Concept of individual and organisational agency as driver for transition dynamics (author’s own representation) 
The influence of individual’s and organisational agency can be positive or negative for transition dynamics. Certain actors might invent 
technologies, design narratives or create social innovations, which support transition endeavours and are influencing the transition 
dynamics positively. Others might influence the dynamics negatively – also through technology development, lobbyism or investment 
in non-sustainable solutions. The proposed framework for actor-level and system-level determinants of agency can be applied to all 
kinds of actors, whether they are considered as traditional “regime” actors or as innovators acting in a “niche”. It is therefore not 
related to certain structuration levels. It is also important to emphasise that the framework allows to focus on individual’s agency or 
organisational agency for a specific question without ignoring the other level. If for example a study focuses on organisational agency, 
the framework nonetheless encourages to consider individual agency and their determinants to understand the background and 
details of organisational agency. And vice versa, if a study works on individual’s agency, their potential organisational background 
should be considered to explain at least parts of their behaviour. In conclusion, this framework serves as a research heuristic for the 
systematic study of agency, considering explicitly its embeddedness in the individual’s, organisational and the systemic context.  
6.3.3 Mature sustainability transition – goals, strategies, abilities and characteristics  
To link these individual conceptual contributions back to the fundamentals, presented in section 1.2, and embed them even more 
specifically into the context of mature sustainability, it is important to recall the challenges, which Markard (2018) presented: system 
functionality, system integration and system reconfiguration are seen as the main challenges for mature sustainability transitions. 
Based on the results of this dissertation and inspired by the recent discussion that mature sustainability transitions do not only need 
a scaling-up of more sustainable solutions, but likewise a scaling-down or phasing out of unsustainable solutions (Loorbach, 2014), 
these challenges can be conceptualised as follows: Besides transition dynamics, maintenance of system functionality is the main aim 
of mature sustainability transitions. The system integration (of sustainable solutions) and the re-configuration of the existing (partly 
unsustainable) system structures are key strategies for successful mature sustainability transitions. Stability and flexibility are con-
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sidered as the necessary system abilities, which support the strategies if they are balanced throughout the entire course of the tran-
sition. Finally, the key system charactersitics - social and technological diversity and connectivity - build the necessary structural basis 
to support the system abilities (see Table 6-9). 
Table 6-9: Mature sustainability transition concept (based on Markard, 2018) 
 
Mature sustainability transition  
 
Goals Maintain functionality & support transition dynamics 
 
Strategies System integration of new solutions & system re-configuration of old solutions 
 
Abilities Stability & flexibility 
 
Characteristics Social & technological diversity & connectivity  
 
 
In order for the system to successfully run through a mature sustainability transition, it needs to keep up socio-technical functionality 
and transition dynamics, which it can achieve trough the re-configuration of “old” system structures and the integration of “new” – 
more sustainable – system structures (see Figure 6-24).  
 
Figure 6-24: Goals and strategies for mature sustainability transitions (author’s own representation) 
To analyse and understand the system structure and the transition dynamics of a system in a mature sustainability transition, the 
two analytical concepts presented above – the “resilience range” and the “actor-level and system-level framework” can be linked to 
the conceptualisation of mature sustainability transition goals and strategies (see Figure 6-25). This integration allows to analyse key 
structures and dynamics of mature sustainability transitions in the energy sector from both, the system and the actor perspective. 
The system functionality is reflected in the system characteristics and abilities. The transition dynamics are driven by the individual 
and organisational agency. The system characteristics and abilities also support transition dynamics and agency supports the system 
characteristics and abilities.  
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Figure 6-25: Integrated framework on structures and dynamics of systems in mature sustainability transitions (author’s own representation) 
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Reflection: The role of urban utility companies’ agency for diversity, connectivity, stability and flexibility 
Finally, after having presented the overall framework and key conceptual contribution of this thesis, the discussion concludes by an 
explorative reflection on how the agency of urban utility companies (UUC) supports system characteristics and abilities for function-
ality and transition dynamics. This exemplary and non-exhaustive reflection represents an outlook on possible ways for future theory 
building in the context of mature sustainability transitions. It is based on the rich empirical basis from module 4 and especially on the 
results of two expert workshops (see section A.4.6). 
UUC play an important role for the diversity and connectivity of the (local) social and technological subsystems in the energy transi-
tion: 
For social diversity they e.g. make sure that all citizens of the urban system have access to energy supply, they care for other public 
services, which allow the social functionality of the system. It is the daily business of UUC to manage the social diversity of an urban 
system. On the one hand, their customers represent the social diversity of the urban system: from private households in different 
milieus to small and middle-sized companies in different sectors as well as large industries or public entities e.g. schools. They all 
have different expectations and needs for their energy supply (while some consumers want to actively contribute to the energy 
transition as prosumers, other households or businesses just want the lowest energy prices possible, or certain customers are more 
dependent as others to 100% supply security – a hospital or a highly specialised factory might be very sensitive and vulnerable to any 
kind of interruption). On the other hand, the social diversity of the urban system is also reflected in the diversity of expectations of 
their owner – the city. Their owner encounters them with different targets (e.g. in different political parties: the left-wing and green 
party who are pro change vs. the more conservative parties) and different means (e.g. different ministries: the financial or the envi-
ronmental ministry, who set different rules). UUC are therefore used to work and cope with this diversity and are therefore able to 
maintain it on the long-term.  
For technological diversity, UUC always managed different energy sources at the same time as well as different networks to supply 
electricity and heat to the city (the electricity grid, the gas grid or district heating networks). It is their key task to find the best 
technological solutions for the different city districts and consumer needs in their urban area (e.g. heat pumps for individual homes 
or district heating for entire districts. In the context of this task, but also due to their often progressive owner strategy, they invest in 
pilot projects for energy efficiency, renewable energy sources and systemic solutions (such as participative PV power projects, district 
heating with power-to-X solutions, new storage technologies and pilots of local smart grids). In so doing, UUC contribute to technol-
ogy diversification. Compared to large electricity producers, who might specialise in particular solutions and search for markets in-
ternationally, the urban utility is in charge of a local system for which it needs to employ a diversity of technological solutions and 
services, adapted to the local context. An urban utility company therefore is a technology all-rounder and incorporates a broad body 
of locally specific knowledge and competences in the firm. 
Finally, for social connectivity, the UUC are the interface between the technological energy system and the local society. They can 
link actors to technology (e.g. in participative financing models of renewables, supporting energy cooperatives or peer-to-peer trad-
ing pilots). They also have an important coordination function in the local energy system. As grid operator but still also as producer 
and supplier, they have contact to all local actors and coordinate them for a smooth functioning of the local energy system. Moreover, 
they also connect and balance the consumer needs on the one side and the owner goals and expectations on the other side. Finally, 
their customer is at the same time indirectly also their owner, the citizen. And so, they have a tradition of maximising the “profit” for 
their owner not financially – because the owner as consumer would be the one to pay – but with a more holistic understanding of 
reducing the overall economic costs, supporting local value creation, offering public services to the city and finally providing the basis 
for a good standard of living in “their” urban system. 
Regarding technological connectivity, the UUC manage the different infrastructure networks of the city and can combine them in 
sector coupling and grid convergence (storage with power-to-x, using the telecommunication grids for smart grid solutions or to push 
for the electrification of the private transport by offering car sharing options and charging infrastructure). Since the urban utility still 
also have their own, often local energy production and manage the increasing share of prosumers in their grids at the same time, 
they can link central and decentral energy production for managing the local grid stability and supply security (virtual power plants, 
CHP, district heating). However, latest here, the EU regulation – separating the grid management (regulated monopoly of the city) 
from the energy production and supply (in competition) – causes difficulties. For the prosumer management, for example, they are 
not the only ones who can offer these services (e.g. demand side management) so that they lack knowledge, which they would need 
to stabilise their grid. Here, the liberalisation and the energy transition regulation causes difficulties, e.g. the grid operator does not 
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have the full knowledge he would need for smart grid steering (to incorporate even more decentralised and diverse energy produc-
tion / and consumption) 
UUC are key players to ensure local stability and flexibility during the transition process.  
For technological stability, they e.g. balance local volatilities – also among different types of energy sources in their role as DSO and 
ensure supply security. They can support decentral prosumer-management or more explicitly demand-side management and link it 
to their grid operation task, which additionally supports the grid stability. Third-party aggregators, indeed can also take on this task, 
they however lack the connection to the distribution grid and so the overall system management would have higher transaction costs 
(the urban utility company in their role as DSO would need to supervise an auction process, in turn, the aggregators would need to 
establish the contact to the prosumers, which the DSO already has). Finally, due to their tradition as infrastructure operators and 
based on their public ownership, they have a long-term vision for investments and therefore also support future stability of the 
technological system. 
For social stability, UUC for example ensure the local public services (affordability and accessibility to energy supply) and allow for 
local direct democratic control over the critical energy infrastructures. More explicitly, they guarantee the link of the citizens and 
their political representatives to the energy infrastructures. UUC can also contribute to local financial stability, since their multi-utility 
structure allows them to balance losses in particular domains. However, the increasing investment needs in the energy domain is 
challenging, since the energy sector traditionally provided the financial sources for this balancing. For many UUC, the gas supply still 
provides these financial sources, however, especially urban societies become more critical about this fossil source, too. The financial 
sources for investments in more sustainable energy supply become more and more disputed. Finally, UUC certainly balance the 
diverse expectations of different stakeholders and support local cooperation and trust among the different actors of the urban soci-
ety.  
At the same time, their public owners push them towards change, investments in new technologies and approaches to support the 
energy system’s flexibility.  
Regarding the technological flexibility, they are operating a local system, where they can adapt infrastructures more easily, just 
because the system is smaller. Most UUC are still also multi-energy providers, which can combine different technologies, e.g. for local 
storage solutions. Their owners also urge them to invest in local pilots, like geo-thermal heat or e-mobility infrastructure, which 
decisively support the adaptive capacity of the local energy system. Finally, UUC always need to find optimal solutions for very dif-
ferent settings in their urban system (from historical to home-owner’s districts). This task results in a very broad set of corporate 
knowhow and problem solving mentality, which can support future flexibility. 
In terms of social flexibility, their public ownership exposes them very directly to any kind of societal changes and they learned to 
adapt to these changes (long-term normative changes but also short-term political changes) while still ensuring the system stability. 
This direct exposure to societal dynamics also makes them less resistant to transitions, as e.g. specialised private actors who would 
just look for a different market. Their public ownership and the respective financial backing through which they are less profit-focused 
than private companies also allows the UUC to cooperate with new entrants and help innovations into the system.  
However, the UUCs’ traditional task and mandate was system stability and so their competences and current behaviour has a clear 
tendency towards stability. Flexibility was only seen as necessary variable for system functionality. Nonetheless, the reflection above 
shows, that they would have the resources and competences to support flexibility also more explicitly in the context of the energy 
transition. During the expert workshops, their role for flexibility was dicussed very controversially, however, the participants agreed 
on their role of “supporting” other actors in increasing the flexibility of the local system. 
For the overall system, the national energy sector, they also take over the important role of a sub-system manager, working on the 
specific resilience of “their” urban system. UUC reflect the federal governance structure of the energy system in Germany and Swit-
zerland, which creates stability on the national system-level. They are key players in a so called polycentric governance system which 
the resilience scholars consider as key structural characteristic of resilient and thus functional and transitioning systems. This first 
explorative reflection already shows, that the UUC play an important role for the system functionality in mature sustainability tran-
sitions and can also support transition dynamics on the urban level.  
  
Discussion 
80 
  
Conclusion and practice implications 
81 
 Conclusion and practice implica-
tions  
The thesis closes by summarising key findings on a general level (section 7.1) and reflecting on limitations and avenues 
for further research to show the potential for future development in research (section 7.2Erreur ! Source du renvoi introuvable.) 
Finally, it puts a particular emphasis on the practitioners’ perspective (section 7.3). Section 7.3.1 summarises the key insights from a 
practitioner’s perspective. Section 7.3.2 adresses target-group-specific recommendations to show the potential for future develop-
ment in practice.  
7.1 Summary 
The current transition of the energy sector in Germany, Switzerland and Austria can be considered as a mature sustainability transi-
tion process. For over 20 years, policymakers, entrepreneurs and activists have been engaging in a fundamental change of the energy 
system towards more sustainability, more renewables and less energy consumption. Nowadays, the transition reached the regime 
level and causes major changes on multiple scales as well as complex, non-linear dynamics for both, the social and the technological 
sphere of the energy system. At the same time the energy system can be considered as a critical infrastructure system, which is of 
existential importance for the society. The maintenance of its social and technological functionality while undergoing change is thus 
inevitable. In this context, the agency of key actors becomes more and more important, especially of traditional actors, incumbents, 
which are responsible for system stability.  
This dissertation tackled the main research aim to understand actor- and system-level structures and dynamics of mature sustaina-
bility transitions in socio-technical energy systems.  
For the better understanding of system functionality, it drew from resilience literature, based on which it conceptualised resilience 
of socio-technical energy systems in transition as result of system characteristics diversity and connectivity, which support the key 
system abilities for resilience: robustness (stability), adaptive capacity and transformability (flexibility). The dissertation presented 
an indicator set to analyse and measure diversity and connectivity for both, the social and the technological subsystem of energy 
systems. It applied this indicator set to three energy regions in transition and discussed different methods for the empirical analysis. 
For the better understanding of key drivers for transition dynamics, the dissertation analysed and (re)conceptualised agency embed-
ded in its systemic context in a sustainability transition, by combining transitions literature with additional theoretical considerations. 
For the individual level, it conceptualised the HES framework for socio-technical systems and discussed its connection to the MLP. 
For the organisational level, the dissertation empirically explored the determinants of urban utility companies’ agency in Switzerland 
and Germany. Based on the empirical insights and theoretical considerations from public corporate governance and network indus-
tries literature, it proposed general analytical categories for public incumbents in network industries and linked them to the TEF, to 
make them accessible for transition studies. Finally, the dissertation linked the developed concepts back to the conceptual funda-
mentals of transition studies (see section 1.2) and presented an integrated framework for analysing system structures and transition 
dynamics in mature sustainability transitions, considering the actor- and the system-level as well as the social and the technological 
sphere.  
This dissertation was structured in four modules, whereby module 1 and 2 focussed on system functionality and the conceptualisation 
of resilience, module 3 and 4 focussed on the analysis of determinants and the conceptualisation of agency in mature sustainability 
transitions. Methodically, this dissertation was implemented, employing an iterative theory building approach, which develops new 
theoretical considerations, based on empirical insights and pre-existing theory. The empirical analyses were conducted, based on a 
mixed methods approach, which allowed for rich empirical evidence and triangulation. Main data sources, used in this dissertation 
were scholarly literature, regional structural data and documents as well as transcripts from several rounds of semi-structured expert 
interviews and expert workshops, which stemmed from three cases: energy regions in Austria and Germany, a network of change 
agents in Germany and urban utility companies in Germany and Switzerland. The main analytical methods, employed in this disser-
tation, were qualitative literature analysis, document analysis and structuring qualitative content analysis. 
In sum, this dissertation provided theoretical conceptualisations and empirical findings for a deeper and more complex understanding 
of system- and actor-level structures and dynamics in mature sustainability transitions. On the system-level, it provided a resilience 
conceptualisation for energy systems, focussing on dynamic aspects and showed the importance of social dynamics in the context of 
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the energy transition. It also challenged existing concepts in energy resilience studies, such as rapidity and system identity and con-
tributes to the further scholarly discussions and theory building process on resilience in socio-technical energy systems. On the actor-
level, the dissertation provides a solid basis for the systematic study of actor- and system-level determinants and feedbacks of agency 
on the system. It also contributes to a better understanding of higher structuration levels in socio-technical energy systems, which 
are of great relevance for mature sustainability transitions. The dissertation moreover provided a nuanced empirical and theoretical 
picture of incumbents, using the example of urban utility companies. This example challenged predominant economic paradigms in 
transition studies and provides and interesting example for urban infrastructure-self-governance, which plays a crucial role for the 
resilience of energy systems. Finally, the dissertation contributes an analytical framework for socio-technical energy systems in ma-
ture sustainability transitions, by summarising and locating the developed concepts for the analysis of system functionality and tran-
sition dynamics in the overall conceptual frame. This integrated framework facilitates empirical analysis on the mature phase of 
sustainability transitions in the energy sector, it supports cross-case comparisons and contributes to further theory building on ma-
ture sustainability transitions.  
7.2 Limitations and further research  
The subsequent section provides a reflexive overview on i) content and ii) method limitations of this dissertation and iii) related 
avenues for further research. For more detailed discussions on the individual modules’ limitations see also the publications in part B. 
7.2.1 Limitations 
Content Although the indicators for resilience of socio-technical resilience provide a very valuable tool for systematic analysis, the 
thesis did not yet provide a comprehensive theory on the related causalities among diversity, connectivity and the level of resilience 
or the progress of the transition. Indeed, I proposed a hypothetical range of resilience, however, the lacking quantification did not 
allow to define quantified levels of diversity and connectivity needed for resilience during different phases of the transition. This is 
also related to the approach of developing the same indicators for the social and the technological subsystem. Although they allow 
for comparison and foster a greater system understanding, they require data of equal characteristics for both subsystems. In this 
context, the intended quantification of the indicators turned out to be very difficult for both subsystems and was finally not possible. 
It is moreover also difficult in a qualitative way, since the interpretation of the results for the indicators is very context-dependent 
(spatial and temporal) and cannot replace an in-depth, qualitative analysis process. For example, whether sector coupling is always 
a sign for a holistic and successful energy transition implementation strongly depends on the local context: an electrification of the 
public transport is only reasonable if the electricity production is C02-neutral.  
From a more general point of view, the proposed indicator set does not explicitly comprise inertia and path-dependencies in the 
system under study. The indicators only reveal the structural changes over time. It remains the researcher’s responsibility to further 
investigate the “why” behind these structural changes in a qualitative manner. A mixed methods approach is thus inevitable to apply 
the indicators. Due to the great data need for the analysis, the empirical application of the indicator set was only possible for two, 
respectively three case study areas, which were all located in federal European countries with mature sustainability transitions. The 
selected empirical evidence might compromise on the generalisability of the results. This is also related to the fact, that the under-
standing of system functionality and transition progress itself are subject of social construction. They might differ substantially in 
different cultural backgrounds and might also change over the course of a transition.  
The same limitations hold true for module 3 and 4. Although the conceptual contribution was based on pre-existing and established 
frameworks, the empirical evidence was based on singular cases (change agents and urban utility companies). An application to more 
and different kinds of actors would have been additionally valuable, was however not feasible in the scope of this dissertation. The 
dissertation investigated determinants of individual’s and organisational agency, it did however not further investigate their interre-
lation and potential interdependencies or their importance in the different transition phases. This dissertation was very much en-
gaged in a balanced analysis of actors-level and system-level dynamics, informal institutions (e.g. routines, discourses, power struc-
tures or mind-sets) were not yet explicitly analysed. The proposed indicator set and frameworks, however, conceptualise them as 
part of the social system (diversity and connectivity can also be applied to institutions) or part of the systemic determinants of agency. 
Finally, this dissertation conceptualised energy transition progress in terms of GWh of renewable energy sources, other measure like 
economic costs or the social distribution of costs and benefits could be made more explicit.  
Methods The research methods applied in this dissertation are mainly qualitative, the reflection on their limitations is thus based on 
the quality criteria for qualitative research, proposed by Lincoln and Guba (1985): trustworthiness, credibility, dependability, trans-
ferability and confirmability (see also Miles and Huberman, 1994; Flick, 2009). 
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• To ensure the trustworthiness and credibility of the results, the theory building process was supported by scholarly discussions 
as well as the analysis of concrete empirical cases. For the empirical analysis, the documents used were all checked for their 
credibility (e.g. peer-reviewed publications and trustworthy reports) and the interview transcripts were anonymised to allow a 
maximum of freedom for the interviewees to answer directly and honestly. However, the energy sector is constantly changing, 
and the results are therefore highly context dependent. An objective truth cannot be achieved, the methodological design 
however tried to compensate for this through large samples of interviewees to achieve at least intersubjective truth.  
• For the transferability or generalisability of the results, the theory building was based on pre-existing frameworks as well as 
the comparison of cases (module 2) and the explicit scholarly discussion on generalisability (module 4). This however does not 
prevent potential biases, which are related to the selected empirical evidence. The interview partners for module 4, for exam-
ple, were selected for to their rich insider knowledge and experience with urban utility companies. Despite the broad variety of 
backgrounds, they might nonetheless have an above-average positive attitude towards urban utility companies, which could 
bias the results. Regarding the empirical analysis, the mixed methods approach tried to support the generalisability of the find-
ings through richer empirical evidence and triangulation. Especially module 3 however lacks an explicit validation step, which 
can compromise the generalisability of the findings.  
• Regarding the confirmability of the results, all sources and results of the theory building process are documented in the related 
publication. The documentation tries to allow for as much transparency as possible. However, in theory building processes, it 
is difficult, if not impossible, to document every step. For the empirical analysis, full transparency was given on sources and 
analytical steps, which are either directly documented in the publications or additionally made available in the appendix of the 
thesis. The anonymisation, which helped for trustworthiness of the results however compromises on the confirmability, since 
the transcripts cannot be published. Transcripts and records are nonetheless stored and can be re-evaluated in case of doubt.  
• Regarding the dependability of the results from the theory building process, countless rounds of scholarly discussion and iter-
ations on the deduction of findings were conducted. Module 1 and 4 comprised explicit validation steps with practitioners, to 
balance the scientific bias and work on the applicability of the concepts. Transparency on data sources and analysis processes 
try to cope with this problem. However, the individual researcher bias can never be excluded. No researcher is fully neutral and 
as I mentioned as the beginning, my personal normative background definitively causes my positive attitude towards renewable 
energies as well as local and democratic governance structures.  
7.2.2 Further research 
The application of the developed indicator set for resilience in socio-technical systems to other case study regions, which are e.g. not 
located in a federal energy governance system or not located in Europe where pre-existing regimes and network structures shape 
the transition path, would be very insightful. Energy systems, which are not as dependent on the network infrastructure as the Euro-
pean energy systems might add other indicators or different indicator expressions, which are important for their system functionality. 
A transdisciplinary approach with a close collaboration of researchers and practitioners could provide very fruitful results for both 
sides, since practice could profit from a new assessment and system design perspective and research could profit from the rich system 
knowledge, especially if data are not always available and for the investigation of the social subsystem, where only trust among actors 
opens the doors for qualitative research.  
In this dissertation, the indicator-based analysis of diversity and connectivity of energy systems was mainly focussed on the system 
configuration (physical infrastructure and actors) and did not particularly analyse the regime configuration. It would however be very 
fruitful, to transfer the indicators also to the “institutional configuration” and analyse more specifically, how it is interlinked and 
feedbacks to the technological and the actor system. Especially in the context of network industries, where formal regulations play 
an important role, a combined analysis of physical system, actor system and regulatory system configuration could uncover interest-
ing insights on drivers and barriers in mature sustainability transitions (where pre-existing regulations are dominant). For the schol-
arly endeavours to improve resilience concepts for socio-technical systems, a continued discussion on the interdependency of system 
characteristics (diversity and connectivity) and abilities (robustness, adaptive capacity and transformability), between the subsystems 
and the general system but also during the transition phases would be of great value, too. The explicit link of the indicators to the 
panarchy concept could facilitate the study of positive and negative feedbacks among different system-levels. The further analysis of 
thresholds, tackling the question “at which level of connectivity does resilience again decrease?” would be very enriching for the 
theory development on resilience in socio-technical systems, but also for practical system management.  
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Likewise, the discussion on the role of agency for system resilience builds an interesting field for further research. As the example of 
the urban utility companies already showed, it would be very enriching to assess the role of different actor types´ agency for connec-
tivity, diversity, stability and flexibility of the system. In addition, the logics of actor relations (e.g. power relations, coalition building, 
the role of narratives etc.), which are already widely discussed in transitions literature could be transferred to resilience literature, 
to work on a better understanding of agency for system resilience and also contribute to a conceptualisation of social resilience, 
which is still at the beginning. These conceptual contributions could result from empirical studies, which employ the indicators on 
the actor-level. Future research on incumbents in socio-technical systems in transitions should definitively have a closer look on 
incumbents below the national champion level, further work on the “neutralisation” of the picture of incumbents and aim for a better 
understanding of them. As mentioned before, if a mature sustainability transition should become successful and allow for a more 
sustainable regime to stabilise on a large scale, incumbents are perhaps the most important players. Transition studies should switch 
the focus from the initial phase of a transition, innovations and their dynamics to the more mature phases of transitions.  
More research is also needed on urban utility companies, which are a particular phenomenon of federal energy governance systems 
and largely unknown on an international level. For example, a comparison of mono-utility companies and multi-utility companies 
regarding their contribution to system resilience and their role for the transition would be an interesting avenue for further research 
and could provide policymakers with interesting insights in energy system governance. In this context, a comparison with the Scan-
dinavian countries (mainly centralised states with e federal energy system) or North America could also help to develop a more 
multifaceted picture on an international level. Within the Urban utility companies provide many interesting alternative approaches 
besides the logics neo-liberalism, economies of scales, externalisation of costs and non-systemic procedures. From their case, future 
research could reveal new or revised solutions for infrastructure governance and transition scholars could start a discussion on the 
economic paradigm needed for successful in sustainability transitions. Regarding the governance of sustainability transitions, it would 
be moreover interesting to have a closer look at differences among federal and central states in their design, progress and difficulties 
in sustainability transitions and analyse if there are differences if a central state has a federal energy system or vice versa. 
7.3 A practitioner’s perspective  
Although this dissertation mainly dealt with theory building and aimed for the improvement of general dynamics in mature sustain-
ability transition processes, it was also strongly engaged in empirical analyses and aimed for in-depth insights, which are useful for 
the practical reality and actual design of mature sustainability transitions. The final section of this dissertation is therefore dedicated 
to the practitioner’s perspective and provides a reflection on the practical implications of the thesis’ findings (section 7.3.1) as well 
as target-group-specific recommendations (section 7.3.2). It was purposefully called “practice implications” and not “policy implica-
tions” to emphasise that the design and successful implementation of mature sustainability transitions involve a vast diversity of 
actors: policymakers, administration, entrepreneurs as well as society representatives, such as traditionally associations, educators 
or activists.  
7.3.1 Key insights from a practitioner’s perspective and related practice implications 
The reflections are structured in five paragraphs on key findings and related practice implications: i) empirical findings on diversity 
and connectivity, which improve the understanding of resilience in energy regions in transitions, ii) methods for analysing the resili-
ence of a socio-technical system in transition, iii) insights from resilience theory for the actual transition design, iv) empirical findings 
on change agents and urban utility companies in the energy transition, which improve the understanding of the actor’s role for 
transition, and finally, v) a concluding discussion of fundamental values in mature sustainability transition processes. 
Empirical findings on diversity and connectivity The empirical findings of module 2 showed the trend that in the early phase of the 
transition, energy systems have a rather low diversity in the technological subsystem (former energy production systems were fo-
cussed on only a few centralised production technologies) and rather high level of diversity in a niche of the social system (a small 
network of diverse actors is involved). Over the course of the transition, the technological diversity decisively increases (investment 
in new technologies), whereas the diversity in the social system remains stable. More actors get involved, but not necessary very 
different actors. Similarly, the technological connectivity in the electricity system is very high at the beginning - in the heat system it 
varies (for district heating and gas high, for oil low). The social connectivity is high on the niche level, since the small actor network is 
in direct and very intense exchange, often with a central actor or organisation. Over the course of the transition, the connectivity in 
the technological system remains stable: for the heat system there are diverging trends (more connectivity through district heating 
and Power2X but also island solutions with solar or ambiance heat) for the electricity system, connectivity decreases (more modu-
larity and decentralisation). In the social subsystem, connectivity remains high in the small actor network, however decreases for the 
overall system since more and more less central actors get involved. At the moment, where the transition enters the regime and 
stagnates, the technological subsystem is highly divers and medium connected, however the social subsystem is not diverse enough 
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and too connected. In order for the system to reach the mature phase of a transition and remain resilient at the same time, the social 
diversity needs to be increased and social connectivity should decrease, too. In short, more diverse actors should be included in the 
energy governance system, with more divers mind-sets, capabilities and responsibilities. The social system should not only include 
pioneers and frontrunners but also powerful incumbents and “ordinary” people, e.g. households, house-owners, tenants. More di-
verse business models, narratives and regulations are needed, as well as the willingness to tolerate diverging opinions. Traditional 
actors, not only policymakers but also energy producers and grid operators play a critical role here. They can link and translate the 
innovative solutions to the regime level and should be incentivised and pushed for doing so. Similarly, for the technological side. If 
the transition reaches the regime level, technological diversity is high, however connectivity does not fit to the changed system 
structure and endangers the resilience of the system. In practice, the (too high) connectivity of the grid should be reduced and allow 
to mirror the decentralised diversity of new production technologies. At the same time the connectivity among technologies (for 
electricity and heat production) should be increased, to compensate for volatilities and allow for flexibility. Smart city approaches to 
link public transport and electricity production or brokering technologies, such as the usage the gas grid for energy storage are only 
a few examples, how this problem could be tackled. In conclusion, the empirical findings of this dissertation draw the attention to 
key resilience factors (diversity and connectivity) and can build an interesting new perspective for regional planning, policy making 
but also for investment strategies in the energy sector.  
Methods for analysing resilience The indicator set allows to assess the resilience of an energy system in transition. For this, it first 
draws the attention to the diversity of technological infrastructure (e.g. available technologies, their share and qualitative difference) 
and the social governance system (which types of actors are involved, how many of them, how diverse are they in their resources, 
abilities and mind-sets). Second, it assesses the connectivity of the technological infrastructure (connectedness within a technology 
but also among technologies, centrality of certain technologies, the possibility to build modules) and the social sphere (collaborations 
among actors, dominance of actors, formation of sub-groups). The thesis findings presented the energy flow analysis as well as the 
social network analysis as two methods, which allow to assess the technological and social structure of the system. Both methods 
are directly applicable in practice and do not require expensive software. They require however in-depth system knowledge and a 
rich data set as bases for the analysis. During the analysis of this dissertation, data availability was one of the major difficulties. For a 
long time, the energy system was very stable and system knowledge was manageable and only relevant to a few people. With the 
increasing complexity and the aim to transform such a complex system, profound and holistic system knowledge and related data 
sets are crucial. Digitalisation can decisively support the establishment of such a knowledge base and should be used more proac-
tively.  
Insights from resilience theory The dissertation’s findings from resilience theory can inform the transition design in practice: the 
notion of functionality, equal consideration of social and technological aspects, dynamisation, and finally the notions of specific and 
general resilience. Resilience theory emphasises system functionality and points to its importance throughout the entire transition 
process. Transition design in practice should always keep the functionality notion in mind. For the technological subsystem, this is 
already the case, however the equal consideration of technological and social aspects shows, that social functionality is important, 
too. This dissertation alluded to the fact, that social functionality of an energy system is relative and dependent on the actors’ defi-
nitions of it. For the practical design of a transition process this implies, that also social aspects need to be considered for the planning 
process (e.g. discussions on basic values and whether they should be kept or changed and in which way). With the stronger consid-
eration of social aspects, resilience theory also changes the focus from a reactive system design (ability to withstand shocks) to a 
proactive system design (endure a fundamental transition). This mind-set should shape transition design processes in practice: the 
system’s robustness is important, its adaptive capacity and transformability however are crucial to “survive” the transition. Con-
cretely, actors as well as technologies need to learn constantly to become more flexible and develop new capabilities. This specific 
resilience of subsystems (actors, organisations but also individual power plants) supports the general resilience of the system. In 
transition design for the energy sector, more attention should be payed to cross-scale interferences and feedbacks, which can en-
danger the general resilience of the system (e.g. subsidising powerful actors can increase the path-dependency and lock-in in in 
certain business models and technologies, which are in fact outdated). 
Empirical findings on change agents and urban utility companies The results from the empirical analysis of change agents and urban 
utility companies showed the importance of diversity and connectivity, too. The change agents network consisted of like-minded but 
very diverse and well-connected doers. However, the high share of conservative and locally rooted mind-sets was surprising. The 
mixture of being locally rooted and conservative but nonetheless curious, open for change and concerned about future generations 
seemed very fruitful for transition endeavours. The change agents were able to link new solutions to the existing system, since they 
could access different abilities and resources in their network. This implies for the practical design of transitions, that one should on 
the one hand find and connect these particular actors, however also always push for an open and lose network structure, to avoid 
the danger of a lock-in. On the other hand, a focus on the local level facilitates progress and the development of individual innovative 
solutions, which than can act as role models for others. This also means, that regional transition design should aim for connectivity 
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to other regions in transition to allows for knowledge and best-practice exchange. Similarly, for the urban utility companies. They are 
also highly diverse in their portfolio and connect technologies and actors in their urban system (see reflection section 6.3). Moreover, 
the thesis showed, that are more differences among urban utility companies within one country, than between two countries. In-
volving urban utility companies in the transition design process means to deal with them as individual cases and knowing about their 
particularities. A comparison among federal states with a long tradition of urban utility companies can decisively improve their un-
derstanding. In conclusion, the thesis pointed out, that it is absolutely critical, to understand actor- and system-level factors, which 
influence certain actors. This allows for a deep understanding of their agency and facilitates to involve them in the transition design 
process (e.g. to understand the differences between a new energy provider, a large traditional producer and a municipal energy 
utility company helps to communicate and interact efficiently with them). The dissertation provided two frameworks, which can be 
used in practice, to analyse certain actors and their behaviour in the transition process. Such a framework-based analysis allows to 
compare findings for several actors and finally facilitates generalisability and a deepened overall understanding of the role of agency 
in transition processes (e.g. how their production assets, the job profiles in the firm or their political mandate explain their behaviour).  
Discussion of fundamental values Finally, the study of urban utility companies showed that they provide alternative solutions to the 
liberalised and scale-effects based economic regime, which is pushed by the EU. Moreover, they play a major role in the decentralised 
and digitalised technology regime, which is currently unfolding in more and more European countries. Even more so if they still 
operate in a bundled mode (network operation and energy production and distribution in the same company), as in Switzerland. 
Thus, they challenge the existing regime with local, integrated solutions and show the mismatch of regulations for economic liberal-
isation and the development of renewables in the digital age. For the practical transition design, urban utility companies should be 
re-considered as a tool to allow for local and direct democratic control on the transition process, for integrated technological solu-
tions on the city scale and regional value creation. However, one should not forget, that they are product of a federal energy govern-
ance structure and cannot by “imposed” in any other system. An energy system needs to allow for subsidiary management, bottom-
up dynamics and a certain level of independency for cities in order to allow for the establishment of urban utility companies. At the 
same time, one should not overlook that urban utility companies are also a product of a (continuous) societal discussion and can be 
changed according to current societal values (e.g. different job requirements, more entrepreneurship etc.). To actively “use” urban 
utility companies for the design of a democratic energy transition does not mean to protect them as they are, but keep their demo-
cratic footing and start a discussion on the fundamental values during the transition process. Their future roles and responsibilities 
should be actively rethought as well as their value should be made visible on the European level on order for other countries to see 
advantages and challenges of a local infrastructure self-governance system. Finally, it is the society, who decides whether urban 
Overview on practice implications 
• Develop a system, which allows for flexibility and dynamics, but remains stable in its key functions. Base regional 
planning and decision-making on diversity and connectivity indicators. 
• Aim for a systemic perspective, considering social and technical aspects equally as well as the interrelations be-
tween the resilience of subsystems and the overall system. 
• Consider social aspects and take into account their relative nature by fostering discussions among diverse actors 
about key values and concepts how the energy system transition “should be”. 
• Employ scientific methods for system analysis, such as energy flow analysis and social network analysis, which sup-
port the in-depth and holistic system knowledge. Create a rich knowledge base on the system in transition, to sup-
port informed decisions and allow for the involvement of more diverse actors. 
• Have a closer look at actor- and system-level factors, which influence the behaviour of key (incumbent) actors for 
the transition, to better understand them and be able to involve them more effectively in the transition process.  
• Search for and involve conservative actors which are open for change and connect them. 
• Consider urban utility companies as institutions, which allow for direct democratic control on the energy transition 
process. Search for the exchange among federal countries to improve the understanding of urban utility compa-
nies, find new solutions for their redesign and make it visible on the European level. 
• Actively re-discuss how the fundamental societal values can be mirrored in the governance system and call atten-
tion to the societies influence on the design of public companies.
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utility companies will become rusty dinosaurs or a redesigned phoenix from the ashes which helps the successful implementation of 
the mature sustainability transition in a federal energy system.  
7.3.2 Target-group-specific recommendations  
Regional developers and urban planners, policy makers on different federal levels, urban utility companies’ managers but also new 
entrants to the energy sector are considered as potential target groups of this dissertation. 
Urban utility companies’ managers Urban utility companies are key players in a decentralised renewable energy system, however, 
liberalisation dynamics and economies of scale challenge their business models. They should actively collaborate with other UUC, on 
the national but mainly also on the international level. Together with other DSOs, they should find their voice on the European level 
to communicate their contributions and roles for system functionality but also the transition progress. UUC need to overcome their 
“in-house” and “do-it-yourself-logic” and actively look for partners to push the idea of local and democratic energy system manage-
ment. For doing so, they need to get rid of their dusty self-image, become aware of their new roles and responsibilities and com-
municate that the local energy management can actually be “cool” and innovative. UUC are local, diverse, democratic and large 
economic forces in their region as well as social entrepreneurs. Only if they change their self-image, they will be able to “tell the 
story” – especially to an international audience so that others could learn from them. Finally, UUC should also actively work on their 
relationship to “their” municipality, try to understand the policymakers’ concerns and explain the tensions and backgrounds of the 
energy sector to their owners. In so doing, they can sustain the owners’ backing and maintain their entrepreneurial freedom at the 
same time.  
Municipal policymakers and administrative specialists Municipalities – as owners and key stakeholders of UUC – of course need to 
support collaboration and change of image in UUC. They should prevent any major privatisation of their UUC and rather consider 
regional aggregation among UUC to keep the direct democratic control over their critical infrastructure. Weizsäcker et al. (2005) 
provide very insightful reflections and concrete case studies on the limits and conditions for privatisation in critical infrastructure 
industries. They conclude that privatisation is only successful and not cost-increasing for society, if it is accompanied by strong regu-
lation, which makes the business unattractive for private actors. Municipalities should aim at a close collaboration with their UUC, 
define clear owner strategies and goals, which are ideally not conflictual. The owner goals should moreover be generic enough that 
the UUC still has enough room for corporate manoeuvre and can operate efficiently. Municipalities must not control every single 
step but work on their relationship of trust to “their UUC” via good communication. Finally, municipalities as shareholders are at the 
same time also stakeholders and differ in this regard decisively from private shareholders: shareholder value is stakeholder-value. So 
municipalities should insist on fair working conditions and participation rights of the UUC employees, since these employers are their 
citizens. And, similar as for the UUC, also municipalities should more proactively communicate their contribution and role to the 
energy transition process and the overall energy system functionality, so that national and European policymakers become more 
aware of it. For a good international overview on re-munipalisation of public services see Kishimoto and Petitjean, 2017. 
Regional developers and urban planners Planners should aim for diverse energy sources and modular structures in the regional and 
urban energy system planning. They should not overstretch efficiency and large scale structures but aim for nested systems thinking, 
e.g. in mini-grids and modular solutions combining different sources. Moreover, planners should rethink the usage of existing infra-
structures as for example the grids and how the modular solutions can be linked to it, to reduce economic costs, increase the share 
of renewables and ensure supply security. They also would need to collaborate not only with their local UUC but also with their 
counterparts from other regions and actively “lobby” for these local modularity on the national level so that regulation would be 
changed accordingly. Planners need to consider the social side of infrastructures more actively. They should not design infrastructure 
systems in such a way that they operate efficiently from a systems perspective but also from the actor’s perspective. How people use 
energy and why, in how far they are flexible in their demand as well as able and willing to invest in new energies needs to become 
integral part of the planner’s knowledge base. If so, they can actively support system design for more renewables and help to over-
come “not in my backyard” tendencies, which are mostly based on fears and lacking system knowledge, which the planners could 
provide. In conclusion, active exchange of experts and the public is needed to design diverse, flexible and smartly connected local 
energy systems.  
New entrants to the energy sector New entrants to the energy sector play an important role for diversity and can provide the new 
solutions which are needed for the successful social and technological transition. However, they are often not able to successfully 
enter the existing “regime” and might fail. For them it is thus important to connect to the UUC and the municipalities on the local 
level. Here they might even have personal contact and can convince the UUC or the municipality to test their innovation on a larger 
scale. For doing so, the new entrants would need to work on their understanding of UUC and the traditional way of functioning of 
the energy sector, to be able to successfully communicate and “translate” their innovation. This potential local collaboration and 
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implementation might not provide immediate exponential growth for a start-up and might be challenging at the beginning, but on 
the long run, such local collaborations can become successful pilots which provide international attention and reputation. 
National policymakers and administrative specialists National political representatives and administration experts should allow and 
facilitate local and diverse solutions to support the energy transition progress as well as the system functionality. They should let the 
regions take more responsibility regarding the organisation of a decentralised energy system. In this context, digitalisation and smart 
systems are key issues. National policymakers should be well aware that data security and accessibility will become a public service 
in the near future, especially in the context of smart decentralised energy system management but also in the context of smart city 
projects. They should think data infrastructure also as a critical infrastructure and design policies and regulation accordingly. (Local) 
public ownership should be considered as an important tool to ensure public service in the data domain, too, even if the management 
might be aggregated and private. Here, as well as in the other domains, the main task of national policymaking is nowadays the link 
of the regional to the European level, which supports the functioning of a multi-level governance structure. This faultless functioning 
of the social system is highly relevant in the energy sector and critical from a resilience perspective. In Switzerland, national policy-
making would need to focus more on the increase of domestic renewable energies and the respective market design, the develop-
ment of support schemes and regulatory change. In this context, local social acceptance is key and the national level could support 
local endeavours e.g. by developing new compensation schemes which go beyond traditional subsidies and pay attention to the local 
circumstances. Switzerland particularly would need to rethink its heavy licensing procedure for new renewable energy installations 
and especially the fact that not only local people but interest groups in the entire country have a major veto right against renewable 
energy projects. In Germany, national policy making should rethink large grid extension projects and focus on local, modular smart 
grid solutions. And of course, the coal phase-out should not even be a question anymore. In both countries, this would require more 
courage to break traditional institutions and to go against established power relations of large centralised TSOs and energy compa-
nies. Finally, national policymakers in both countries would need to focus also on the reconfiguration and deconstruction of existing 
infrastructure - not only on the development of shiny new solutions. Who is responsible and who pays for this system reconfigura-
tion? “The respective energy companies” is a too easy answer. Energy was and still is a societal issue. Nuclear power plants were 
constructed from tax payers’ money and they will be dismantled from tax payers’ money. We should rather discuss in beforehand 
how to plan and finance deconstruction. 
European policymakers and administrative specialists This fundamental change of power relations and the respective reallocation 
of responsibilities would need to be supported by the European level. The EU would need to give more responsibilities to DSOs as 
well as the regional and urban level of energy related administration and governance. This “power shift” is deeply rooted in the 
subsidiary tradition of the EU, where as much as possible should be done on the lowest governance level as possible. However, over 
the last decades, EU policymakers seemingly forgot about the construction principle of subsidiarity and tended to centralise govern-
ance structures – not only in the energy sector. The EU level though should provide clear guidelines and support local and diverse 
solutions as long as they fulfil the overall goal. In this context, the EU policymakers should also rethink their liberalisation directives 
and verify where they actually hinder energy transition progress (e.g. is unbundling needed for local mini-grids? Can decentral struc-
tures at all be managed with market-based approaches, tending to economies of scales and centralisation?). Moreover, European 
policy making should consider mobility as a decisive part of the energy transition and global warming mitigation endeavours. Euro-
pean policymakers pushed for the liberalisation and integration of the European aviation and railway sector as well as the road 
network. Accordingly, they need to foster transition not only in energy production but in major consumption domains, too.  
Finally, this thesis clearly showed that the regional and urban level is the relevant entity for the implementation of the energy tran-
sition but also for the management of system functionality in an increasingly decentralised system. However, these regional entities 
are embedded in a national and European context, which is highly relevant, too. Ideally, the superordinate levels provide coherent 
goals and rules for the transition and support the connectivity of the different submodules. The regional level develops diverse solu-
tions for the context-specific implementation of these goals. On the regional level, people can take responsibility more easily and can 
act with direct feedbacks. This multi-level interplay is very complex. However, if it is managed successfully as a “panarchy” which 
balances these bottom-up and top-down dynamics, it builds the fundament of a resilient system. In order for this panarchy to work, 
a discussion and agreement on future roles of the different actors and a re-allocation of responsibilities and mandates in the energy 
governance is inevitable. National and European policymakers but also researchers could facilitate and convene this exchange, in-
cluding utility companies and grid operators from the national and regional scale alike.  
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 I 
A.1.2 Interview outline (in German)  
 
 
Interviews with grid-operators (conducted per telephone in Mai 2017 by Susan Mühlemeier and Claudia R. Binder) 
A - Supplementary empirical material 
II 
A.1.3 Interviewee list – anonymised  
Abbreviation Sector Position  Situation Date Duration 
G1 Energy industry (Grid operator) Director Telephone 10.05.2017 00:48 
G2 Energy industry (Grid operator) Collaborator Telephone 31.05.2017 00:32 
 
 
  
A - Supplementary empirical material 
III 
A.2 Module 2 (publication 2 and publication 3) 
A.2.1 Interview outline (in German) – publication 2 
 
 
Interview-Outline for Interviews in the Energy Region Weiz-Gleisdorf (conducted in November 2016 by Romano Wyss) 
A - Supplementary empirical material 
IV 
A.2.2 Interviewee list – anonymised 
Abbreviation Sector Position  Situation Date Duration 
I1 Politics Mayor Face-to-face 08.11.2016 00:23 
I2 Energy provider Collaborator Face-to-face 08.11.2016 00:57 
I3 Research/foundation  Director  Face-to-face 09.11.2016 01:05 
I4 Politics Mayor Face-to-face 09.11.2016 00:21 
I5 Research/foundation  Director  Face-to-face 10.11.2016 00:46 
I6 Research/foundation  Collaborator  Face-to-face 11.11.2016 00:42 
I7 Association  Collaborator Face-to-face 11.11.2016 00:16 
 
  
A - Supplementary empirical material 
V 
A.2.3 Code scheme 
Code scheme Memo 
affiliation of interviewee only self-information of the interviewee about his or her affiliation 
  politics administration and or parliament, activity in party 
    local  
    external  
  industry  
    energy energy production 
    energy related energy related services ( e.g electricians) 
    others  
  association any kind of associations, foundations, etc. 
  research / education research, university, schools 
  media  
proposed arenas information on important entities or actors from specific arenas 
  politics  
    local  communes, local politicians 
    external national level, european level 
  industry  
    energy - producing / distributing energy companies, grid etc.  
industries producing and distributing energy 
    energy related related like electricians, construction firms etc. 
    others like tourism etc. seen as important for the energy transition  
  associations  
  research / education  
  media  
  society  
interactions  
  operative work interaction in daily life, exchange, like for the production of a certain good 
in this coding only the "who with whom question" is answered  
later the "on which topic" and in "which way" do they interact, will be answered
A - Supplementary empirical material 
VI 
    politics - industry  
    industry - research  
    politics - research  
    associations - research  
    associations - industry  
    associations - politics  
    policy - media  
    associations - media  
    relation to society  
  
creating new / innovation 
cooperation or exchange for the creation of the new, innovations etc 
in this coding only the "who with whom question" is answered  
later the "on which topic" and in "which way" do they interact, will be answered
    politics - industry  
    politics - research  
    industry - research  
    associations - politics  
    associations - industry  
    associations - research  
    associations - media  
    relation to society  
 ownership who owns which assets (plants, etc.) 
additional findings  
  
A - Supplementary empirical material 
VII 
A.2.4 Mental model analysis data (in German) – publication 2 
Mental models 1996 
  
  
Mental models 2011 
   
A - Supplementary empirical material 
VIII 
  
Mental models 2016  
   
  
 
 
A - Supplementary empirical material 
IX 
A.2.5 Energy flow analysis graph - publication 3 
 
Energy flow analysis on the the region bayerisches Allgäu, conducted by Bärbel Hinterberger in 2016 (Master Student at LMU) 
  
A - Supplementary empirical material 
X 
A.2.6 Social network analysis data - publication 3 
Code Scheme 
Code system Memos 
individual positions of the change 
agent 
individual story, steps, positions 
regional network of the change 
agent 
connections to other actors 
mentioned actors actors mentioned by the change agent as being im portant for the regional energy govern-
ance system 
mentioned organisations mentioned names of networks, organisations, firms important for the regional energy gov-
ernance system 
 
Network graphs (VISONE) – in German 
Degree centrality 
 
 
  
A - Supplementary empirical material 
XI 
Modularity 
 
 
  
A - Supplementary empirical material 
XII 
A.3 Module 3 (publication 4) 
A.3.1 Interview outline (in German) 
 
Interviews were conducted from November 2014 – August 2015 by Holger Sauter, Thomas Knöpfle and Susan Mühlemeier  
  
A - Supplementary empirical material 
XIII 
A.3.2 Interviewee lists – anonymised 
Name Sector  Position Situation Date Duration 
A1 Politics  Head of district administration Face-to-face 11.08.2015 01:19 
A2 Service provider/consulting Director  Face-to-face 02.07.2015 01:15 
A3 Industry / Research  Electrician  Face-to-face 20.01.2015 01:10 
A4 Association / Industry Director  
 
Face-to-face 08.07.2015 01:15 
A5 Service provider/consulting Group leader Face-to-face 02.03.2014 01:30 
A6 Association Director  Face-to-face 19.12.2014 01:00 
A7 Energy industry Windpower plant operator Face-to-face 11.08.2015 00:55 
A8 Industry Director  Face-to-face 02.07.2015 01:40 
A9 Industry Senior manager Face-to-face 21.11.2014 01:35 
A10 Politics Head of district administration Face-to-face 08.07.2015 01:06 
A11 Service provider/consulting Senior consultant Face-to-face Without date  01:17 
A12 Energy industry  Director  Face-to-face 08.07.2015 01:18 
A13 Association / industry Director  Face-to-face 20.11.2014 01:40 
A14 Politics  Mayor  Face-to-face 12.03.2015 01:14 
 
  
A - Supplementary empirical material 
XIV 
A.3.3 Code scheme 
Code System  Memos 
positions of the change agent career path, individual steps, roled 
Individual ressources what the interviewees mentioned as their ressources e.g. personal network 
individual motivation their individual motivation, why do they engage themselves 
individual values and beliefs what are their individual beliefs and values, mentioned throughout the in-
terview? 
individual strategies which strategies do their mention in the context of their engagement?  
hindering factors for the energy transition which hindering factors for the energy transition do they evaluate, regional 
positive factors for the energy transition which positive factors for the energy transition do they evaluate, regional  
evaluation of the energy transition external to the 
region  
how do they evaluate the energy region beyond the region 
influence of politics how do they evluate the influence of politics ? 
influence of energy companies how do they evaluate the influence of energy companies 
influence of citizen initiatives how do they evaluate the influence of citizen organisations 
influence of society how do they evaluate the influence of the wider society?  
influence of cooperatives how do the evaluate the influence of cooperatives 
institutionalisation of energy transition  aspects mentioned in the context of institutionalisation, effects of their en-
gagement 
strategies of incumbents which strategies do they observe?  
personal learning processes what are their personal lessons learnt from their engagement?  
mentality of the regional actors (the Allgäuer) apsects related to the regional mentality 
regional path dependencies, influece of the area aspects related to the influence of the region, the landscape etc. 
strategies which strategies do they mention for their engagement in the energy tran-
sition 
additional findings are there interesting additionoal findings?  
 
  
A - Supplementary empirical material 
XV 
A.4 Module 4 (publication 5 and publication 6) 
A.4.1 Interview material and outlines (in German and French)  
Actor Network Maps for Germany and Switzerland – which were discussed at the beginning of the interviews (see outline) 
 
 
 
 
A - Supplementary empirical material 
XVI 
 
 
 
(for the Interviews in Switzerland, I asked exactly the same questions, I only changed “Deutschland” into “die Schweiz” – see also 
french translation)  
 
A - Supplementary empirical material 
XVII 
 
 
 
Challenges and opportunities maps (same for Germany and Switzerland)  
A - Supplementary empirical material 
XVIII 
 
 
 
  
A - Supplementary empirical material 
XIX 
A.4.2 Interviewee lists - anonymised 
Switzerland 
Abbreviation Sector Position  Situation Date Duration 
CH1 Research/foundation  Professor Face-to-face 02.03.17 01:00 
CH2 Association Collaborator Face-to-face 09.03.17 01:16 
CH3 Research/foundation  Research assistant Face-to-face 09.03.17 01:13 
CH4 Research/foundation  Professor Face-to-face 09.03.17 00:54 
CH5 Research/foundation  Director Face-to-face 10.03.17 01:05 
CH6 Association Group leader Face-to-face 10.03.17 01:08 
CH7 Service provider/Consulting Director Face-to-face 10.03.17 01:26 
CH8 UUC Collaborator strategy department Face-to-face 17.03.17 02:36 
CH9 Association Director Face-to-face 20.03.17 00:39 
CH10 Service provider/Consulting Senior manager  Face-to-face 20.03.17 01:38 
CH11 UUC Collaborator strategy department Face-to-face 20.03.17 00:55 
CH12 Research/foundation  Director Face-to-face 23.03.17 01:12 
CH13 Administration (federal) Group leader Face-to-face 24.03.17 01:13 
CH14 Middle-sized UUC CEO Face-to-face 27.03.17 01:08 
CH15 Middle-sized UUC Member of the executive board Face-to-face 31.03.17 00:49 
CH16 UUC CEO Face-to-face 04.04.17 01:16 
CH17 Middle-sized UUC CEO Face-to-face 07.04.17 01:52 
CH18 UUC CEO Telephone 19.04.17 00:18 
CH19 Service provider/Consulting Senior manager Skype 19.05.17 00:53 
CH20 Association Director  Face-to-face 21.05.17 01:07 
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Germany  
Abbreviation Sector Position  Situation Date Duration 
DE1 Service provider/Consulting Freelancer  Face-to-face 02.05.17 01:22 
DE2 Service provider/Consulting Senior manager Telephone 02.05.17 00:51 
DE3 Research/foundation  Professor Skype 02.05.17 01:25 
DE4 Research/foundation  Post-Doc Face-to-face 05.05.17 01:01 
DE5 Association Senior manager Face-to-face 05.05.17 01:30 
DE6 Service provider/Consulting Director  Face-to-face 19.05.17 00:57 
DE7 UUC CEO Face-to-face 07.06.17 00:50 
DE8 Research/foundation  2 Post-docs Face-to-face 08.06.17 01:51 
DE9 UUC 
Collaborator strategy 
department 
Face-to-face 
08.06.17 00:56 
DE10 UUC 
2 Collaborators strategy 
department 
Face-to-face 
12.06.17 01:02 
DE11 Service provider/Consulting Director Face-to-face 13.06.17 00:50 
DE12 Service provider/Consulting Senior manager Face-to-face 14.06.17 01:52 
DE13 Service provider/Consulting CEO Face-to-face 15.06.17 00:53 
DE14 Research/foundation  Professor Face-to-face 16.06.17 01:03 
DE15 Association Director  Face-to-face 16.06.17 01:20 
DE16 Association Director  Face-to-face 16.06.17 01:06 
DE17 Service provider/Consulting CEO Face-to-face 07.07.17 00:51 
DE18 Middle-sized UUC CEO Telephone 10.07.17 00:50 
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A.4.3 Code scheme 
Code System Memo 
characteristics of UUC mentioned structural and cultural characteristics 
  structural everything which is related to the "hard facts", size, portfolio,  
    commonalities what all UUC have in common 
    differences where there are differences among the UUC 
  cultural aspects related to the "soft facts", company culture, mind sets, belief systems - for the regime 
    differences what all UUC have in common 
    commonalities where there are differences among the UUC 
position in the energy 
sector  
mentioned important actors and relations of UUC to these actors 
challenges  every aspect mentioned in the context of challenges 
 past challenges which the UUC faced in the past 
    socio-policial  everything which is related to NGOs, politics, society, regulation 
    economic everything which is related to the business, competition etc.  
    organisational everything which is related to the organisation itself, the cultural aspects, the regime 
  present challenges in the present 
    socio-policial  everything which is related to NGOs, politics, society, regulation 
    economic everything which is related to the business, competition etc.  
    organisational  everything which is related to the organisation itself, the cultural aspects, the regime 
  future future challenges for the UUC 
    socio-policial  everything which is related to NGOs, politics, society, regulation 
    economic everything which is related to the business, competition etc.  
    organisational  everything which is related to the organisation itself, the cultural aspects, the regime 
strategic answers mentioned reactions oft he UUC tot he challanges, not necessarily any specific challenge, also general 
strategic answers 
  in the past   
    socio-policial  everything which is related to NGOs, politics, society, regulation 
    economic everything which is related to the business, competition etc.  
    organisational  everything which is related to the organisation itself, the cultural aspects, the regime 
A - Supplementary empirical material 
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  present   
    socio-policial  everything which is related to NGOs, politics, society, regulation 
    economic everything which is related to the business, competition etc.  
    organisational  everything which is related to the organisation itself, the cultural aspects, the regime 
role for transition answers and aspects related to the role of UUC for the energy transition or for the energy sector 
  Transition aspects related to the role of the UUC for the energy transition  
    potential role  potential roles, where interviewees mentioned possibilities 
    Current role actual roles, where the interviewees mentioned exisiting contributions 
  System aspects related to the role of UUC for the current energy system / Systemdienstleistungen 
    potential role  potential roles, where interviewees mentioned possibilities 
    current role actual roles, where the interviewees mentioned exisiting contributions 
strenghts & weaknesses answers and aspects related to strenghts and weaknesses of UUC 
  strenghts mentioned strenghts 
  weaknesses mentioned weaknesse 
resilience open collection of aspects mentioned in the context of resilience related questions  
additional findings additional interesting findings, open code 
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A.4.4 Workshop programme (in German and French)  
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A.4.5 List of workshop participants (anonymised)  
Workshop in Lausanne (05.06.2018) 
Sector Position  
Research / foundation Director 
Urban utility company Member of the administrative board 
Middles sized urban utility company Director 
Consulting / service provider Freelancer 
Politics / administration (federal)  Group leader 
Politics / administration (cantonal) Director 
Politics/ administration (municipal) Director 
 
Workshop in Zurich (08.06.2018) 
Sector Position  
Research / foundation Director 
Urban utility company Member of the administrative board 
Middles sized urban utility company Director 
Consulting / service provider Freelancer 
Consulting / service provider Director 
Association Director 
Politics/Administration (municipal) Director 
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A.4.6 Summary of workshop results (in German and French)  
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